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CIRCLE NO. 38 


Nothing stacks 
new interface cl 


Now computer designers 
can downsize and simplify 
PCMCIA power manage- 
ment in all application 


types. 


A smaller PCMCIA interface. 


Our highly integrated monolithic 
Si9710CY interface switch 
eliminates many external 


components — reducing system 


PCMCIA POWER INTERFACE 


CONTROL BUS 
PCMCIA 
SLOT 


Members of TEMIC Semiconductors: Telefunken Semiconductors, Siliconix, Matra MHS, Dialog Semiconductor 


size and improving 
reliability. 


A more efficient 
PCMCIA solution. 


This PCMCIA rev. 2.1 
compatible IC has 
on-resistance as low as 
150 mQ, the industry’s 


lowest, for improved tolerance 
on the output voltages. And its 
low 1-uA leakage current signifi- 
cantly extends battery life. 


A simpler Plug and Play design. 


The Si9710CY, by eliminating up 
to seven power discretes and 
drivers, simplifies the design task 
and reduces design cycle time. 


Get more efficient host adapter 
designs. 


Contact your local Siliconix/ 
TEMIC sales office. Or call our 
toll-free hot line and ask for 
more technical information. 
1-800-554-5565, ext. 915. 


ie P.] 
Siliconix 
A Member of the TEMIC Group 


2201 Laurelwood Road, Santa Clara, CA 95054 
Fax: 408-970-3995, Attn. 915 


TEMIC International Sales: UNITED KINGDOM: 0344-485757. GERMANY: 07131 67-0. FRANCE: 1-30 60 70 00. ITALY: 02-332 121. 


SCANDINAVIA: 08-733-0090. SINGAPORE: 65-788-6668, ext. 249. HONG KONG: 852-3789789. JAPAN: 3-5562-3321. 


On the cover: Chances are that you'll 
have to familiarize yourself with ther- 
mal-management techniques if you 
want to design high-performance sys- 
tems with 32-bit microprocessors. Many 
approaches are available to keep prod- 
ucts cool—it all depends on the type of 
project you’re working on. See our Spe- 
cial Report beginning on pg 40. (Photo 
courtesy Wakefield Engineering Inc) 
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Cooling hot microprocessors 


The latest »Ps have given rise to some ingenious new ways to keep 
systems from losing their cool. So far, though, veteran designers are 
waiting for proof of cost-effectiveness before warming up to these 
new technologies.—Dan Strassberg, Senior Technical Editor 
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Regulator topologies 
standardize battery-powered systems 


Power supplies are perhaps the most crucial elements of a battery- 
powered system. Knowledge of some basic regulator topologies will 
help you select or design the right supply configurations for your 
needs.—Bruce D Moore, Maxim Integrated Products 


Pulse stretcher increases ECL-gate gains 73 
Expanded-scale voltmeter uses just two parts 73 
Simple circuit detects current pulses 74 


Circuit eliminates hum from pulsed signal 74 
MOSEET replaces switch 76 
PC programs PROM simulator 78 
Status inducator flags five discharge states 80 
ADC helps temperature-compensate transducer 80 


Teaming a logic analyzer with TECHNOLOGY UPDATES 


a debugger provides advantages to both tools 


Logic analyzers are good for debugging embedded systems, but 
they’re not the ultimate. Pairing them with debuggers, though, 
addresses many of the drawbacks of using logic analyzers alone. 
—David Shear, Technical Editor 
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Who leads the pack in flat 
cable value? The same front- 
runner who sets the pace in 
all areas of cable quality and 
technology — Belden. 


Thanks to our superior 
technical capabilities and 
dedicated manufacturing 
facilities, we’ve been able to 
bring our cost on flat cable 
down ... fo the wire! So, 
whether you’re specifying 
for OEM applications or 
creating flat cable assemblies, 
you can get the product you 
need. And, it’s available 
packaged on reels for auto- 
matic termination equipment 
compatibility. How’s that for 
blue-ribbon value? 
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REGISTERED 


Find out more about 
our complete line of 
mass-termination flat cables, 
including our round-to-flat 
MASS-TER’, 9K ribbon 
coaxial, shielded 
data link, and 
new 1mm and 
.025" miniatures. 
For your copy of 
our Flat Cable 
Catalog, call: 


1-800-BELDEN-4. 


at 
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TECHNOLOGY UPDATES 


Logic design is alive and well 29 


Aristotle used it, George Boole boosted it, John Von Neumann 
named it, and it first glowingly appeared in vacuum tubes. Despite its 
long history, logic design is alive and well; it has become a base tech- 
nology and a lingua franca for digital designers. 


—Ray Weiss, Technical Editor 
EDITORIAL 
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Project Tin Roof and — 
EDN’s EMC supplement 


Every member of your design team should have a gut-level feel for 
electromagnetic-compatibility issues. The EMC supplement shipped 
with this issue is a tool you can use to achieve that goal. 

—Steven H Leibson, Editor-in-Chief 
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News Breaks 11 
Career Opportunities 118 
EDN’s International Advertisers Index 120 


EDN— in collaboration with international book publisher Butterworth-Heinemann—is 
seeking authors to extend our exciting series of practical books about electronic hardware 
and software. Titles already in the EDN Series for design engineers include Analog Circuit 
Design, by Jim Williams; Operational Amplifiers, by Jiri Dostal; and Rechargeable Batter- 
ies Applications Handbook, by Gates Energy Products. 


We have room in the series for many more professional titles. Whether you have an 
idea for a book or a completed manuscript, contact us. Developing an idea for a full- 
fledged book might be a lot easier than you think. Let EDN help you get published. 


Frank Satlow, EDN Series 
Butterworth-Heinemann 

80 Montvale Ave 

Stoneham, MA 02180 

Phone (617) 438-8464, ext. 241 
Fax (617) 438-8103 


Contact: ~ 
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At Toshiba, we believe that great power is best used 
sparingly. 

That’s what guides our approach to environmentally- 
friendly component design. And it’s the reason our wide line 
of Green PC parts is helping ensure that worldwide energy 
demand doesn’t 


become worldwide 


TOSHIBA 
TC51V4400ASJL-8C 


energy crisis. 


Of course, we 


monitor tubes, that save power while extending operating life. 
Anew, more power-efficient 3-watt LCD display, 
for brilliant VGA color in power-stingy notebooks and 
subnotebooks. 
Microcontrollers that operate at just 2.7 volts. 
Rechargeable 
Lithium Ion batteries, 


that deliver twice 


E TOSHIBA 


ASIC 


as much portable 


) RISC qui ASIC . 

aren’t alone. Microprocessor Lo D nae € ae oe H igh one S power —without 

System makers dangerous heavy 
worldwide are metals. 
routinely designing As well as 
features like —- = = 3.3 volt versions 

Lithium Ion Microcontroller Low Voltage Memory Cards 2 Mb Video 

automatic power- Battery Logic RAM of 0.5 micron 


down, sleep modes, and low power displays into their 
new products — without affecting cost or performance. 

It’s a move that’s expected to reduce desktop power 
consumption by 60%, while saving PC users over $2 billion 
a year. 

And a move that’s made possible thanks to many of 
our low-power components. 

Like Toshiba’s 3.3 volt DRAM, for example, available 
in 4Mb, 1Mb x 16 and self-refresh versions. 


ASICs, 20ns cache SRAMs, VHC logic and memory cards. 
And a broad line of other energy-saving components. 
That’s our environmental impact statement. And 

more and more, it’s the kind of responsible engineering 

that will be demanded in every electronic design. 

At Toshiba, we’re ready for that demand. 
With over a century’s worth of experience in cutting- 
edge R&D. An international network of service and support. 


And manufacturing experience that spans the globe. 


components for the most important system of all. 


Our new 64-bit RISC microprocessor, based on 3.3 volt 
technology. 


Low magnetic radiation, ozone-safe computer display 


For more information on any of our low-power products, 
just call 1-800-879-4963. 


And save your energy for something big. 


In Touch with Tomorrow 


TOSHIBA 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


Please call me, Circle No. 102 


©1993 Toshiba America Electronic Components, Inc. 


Send more information, Circle No. 103 
GRP-93-109 
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FASTER 


The most powerful Digital Scoge 
in the inductry arrives February IS%. 
(Curious?) 


200-4-LeCroy 


LeCroy 


Innovators in Instrumentation 
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EDN-NEwWS BREAKS 


Resonant-tunneling 
transistors work at 
room temperature 


At the International Electron Devices 
Meeting in Washington, DC, scientists 
at Texas Instruments demonstrated a 
quantum-effect IC that operates at 
75°F. The company projects that the cir- 
cuit, which uses the quantum-mechani- 
eal effect of resonant tunneling, oper- 
ates three times faster and has three 
times the density of conventional ICs. In 
the logic circuit, which is a 1-bit full 
adder, resonant-tunneling bipolar tran- 
sistors reside side-by-side with conven- 
tional double heterojunction bipolar 
transistors. The company’s process that 
combines the two technologies allows for 
more efficient switching operations and 
more efficient logic implementation. 
Instead of the 40 transistors required 
using a conventional process, this adder 
comprises 17 transistors. 

The key technical breakthrough in 
demonstrating the IC was the develop- 
ment of resonant-tunneling transistors 
with practical values of current gain, 
on-off current ratio, and breakdown 
voltage. The demonstration IC achieved 
a current gain as high as 100 and oper- 
ated at 3V with a logic swing of 1.2V. 
The company fabricates the IC with 
compounds of indium, phosphorous, 
gallium, aluminum, and arsenic rather 
than using silicon. 

Resonant tunneling permits an elec- 
tron to pass through a classically 
impenetrable barrier under certain 
conditions. In this case, the transistor 
operates by transferring electrons 
from one layer of the circuit to another 
under the control of a voltage that is 
applied to a control terminal, as in a 
conventional transistor. However, the 
design of the quantum switches 
exploits quantum resonance in the elec- 
tron motion, so that a single transistor 
exhibits many on and off states. This 
switching characteristic reduces the 
number of transistors needed and 
reduces the number and length of wires 
required to assemble the transistors 
into an IC. 

The company foresees several possi- 
ble near-term applications of resonant- 
tunneling transistors, including micro- 


EDITED BY FRAN GRANVILLE 


wave ICs, A/D converters, high-band- 
width digital video, very high-speed 
triggering circuits, and high-speed 
logic.—by Anne Watson Swager 

Texas Instruments, Dallas, TX, (800) 
336-5236. Circle No. 346 


Data Pump IC 
lowers TI costs 


The high-speed digital-subscriber-line 
(HDSL) Data Pump from Level One 
Communications converts two wire 
pairs into the equivalent of a T1 (1.544- 
Mbps) digital link through the tele- 
phone network. Unlike T1 links, how- 
ever, Data Pump produces two bidirec- 
tional 784-kbps signals rather than a 
unidirectional 1.544-Mbps signal on 
each line. 

The device tolerates a mixture of 
wire gauges and the presence of bridge 
gaps in the cabling between a user and 
a central office. It also transmits sig- 
nals as far as 12,000 ft, compared with 
Tl’s need for repeaters every 3000 to 
5000 ft. These two features allow Data 
Pump to establish a high-speed link 
over existing telephone cabling rather 
than requiring a special installation, 
thus lowering costs for high-speed data 
transmission. 

Data Pump has reached production 
stage, but parts are not generally avail- 
able. A telecommunications-industry 
consortium sponsored the part’s devel- 
opment, and members have exclusive 
access to the device for a time. Later 
this year, the part will become avail- 
able outside the consortium, and Level 
One will set pricing. 

| —by Richard A Quinnell 

Level One Communications Ine, 
Folsom, CA. (916) 985-3670. 

Circle No. 347 


ASIC/software combo 
speeds laser printers 


By tackling the job of converting 
graphics commands into raster data, 
Destiny Technology’s WinStyler soft- 
ware and ASIC help lower the cost of 
laser printers and speed printing. The 
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Information Service of the US 
Department of Commerce is offer- 


ing the fifth edition of its Directory 
of Federal Laboratory & Technology — 
Resources: A Guide to Services, 


Facilities, and Expertise. The 736-pg 
publication lists resources, includ- 


ing contact names and plione num- — 


bers, of government labs, research 
centers, testing facilities, and tech- 
nology-information centers. $65, 


Information Service, Springfield, 
VA, (800) 553-6847. 


High-tech humor. Oak Ridge Public — 
Relations has announced the pub- | 
lication of The First, Advanced, 
State-of-the-Art, High-Performance, 


Totally Integrated, Revolutionary, 


Leading-Edge, High-Tech Joke Book. — 
The 210-pg volume offers a collec-— 
tion of humor on technology, com- 
puters, software, science, and math- _ 
ematics. Available at retail book 


stores or from Oak Ridge for $14.95, 


including shipping. Price in Califor- _ 


nia is $17.81. Oak Ridge Public Rela- 
tions Inc, Cupertino, CA, (408) 252- 
5042. 


the IBM RISC System/6000 Divi- 


sion. IBM Corp, White Plains, NY, 
Circle No. 355 


(914) 642-5463. 


Resource guide covers embedded- 
PC standard and products. The 
PC/104 Consortium has published 
the fourth edition of its PC/104 
Resource Guide. The 120-pg booklet, 
which is free to engineers and com- 
panies developing embedded sys- 
tems, offers an overview of the 
PC/104 standard, a cross-reference 
of related products and functions, 
and product listings from more than 
75 of the consortium’s member com- 
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peripherals, and software. PC/104 : 
Consortium, Sunnyvale, CA, (408) 
245-9348. 


_ scan contract. E-Systems Inc of 
Greenville, TX, has awarded Tera- 


_ tract to develop boundary-scan 
design and test tools for the 
Defense Department’s Advanced 
plus $3 shipping; order no. PB93- _ 
1000097KSZ. National Technical tion-specific electronic module 
(ASEM) multichip-module pro- 
Circle No. 353 — 
- dyne will extend its_ ‘Victory 


- diagnostics to work with a variety | 
of other commercially available — 
automatic test equipment. Tera- 
_dyne Ine, Boston, MA, (617) 482- 
2700. _ 


features concise answers to 2000 
tough technical questions posed by 
prospective employers. The 420-pg 
Ace the Technical Interview: How 
Circle No. 354 puter Industry describes inter- 
view scenarios, points out inter- 
IBM renames division. IBM Corp 
has renamed its Workstations and 


tips: on preparation and perfor- 
Systems Division; the new name is — 


mance. Author Michael Rothstein 


more than 30 years of experience 
in computers and information 
technology. McGraw-Hill Inc, New 
York, NY, (212) 337-5945. : 


SHORTS oe 


NTIS offers federal-resources | 
guide. The National Technical — 


panies describing their PC/104 mod- 
ules and other related boards, 
_ Circle No. 356 


Teradyne wins ARPA boundary- 


dyne a 2-year, $1.5-million con- 


Research Projects Agency applica- — 


gram. Under the contract, Tera- 


boundary-scan test software to 
enable Victory test programs and 


Cirde No. 357 


Get a job! A newly published bic 


to Get Your Neat Job in the Com- 
viewers’ trick questions, and gives 


is an independent consultant with 


Circle No. 358 


EIA is available on line. You can 
now access press releases, product — 
information, and other materials | 
from the Electronic Industries _ 
Association (EIA) and E[A-member — 
companies through the CompuServe 
online information service. EIA, 
Washington, DC, (202) 457-8700. 
Circle No. 359 


software uses the host CPU’s spare 
processing power to handle the conver- 
sion then sends the printer data in 
raster format. The ASIC provides a 
bidirectional link to the printer along 
with data compression to increase the 
effective data bandwidth. 

WinStyler aims to eliminate the need 
for laser printers to have powerful con- 
trollers and large amounts of memory 
to handle the rasterization of graphics 
commands. By moving that effort to the 
host computer, WinStyler also allows 
users to upgrade their printing capabil- 
ities with a software change. Further, 
the print function’s speed increases as 
the host system upgrades without 
changes to the printer. Printers using 
Winstyler should offer 600-dpi resolu- 
tion at a retail price of less than $750. 

—by Richard A Quinnell 
Destiny Technology, Santa Clara, 
CA. (408) 562-1000. Circle No. 348 


Control-engineering expo 


slated for mid-March 


The third annual International Control 
Engineering (ICE) Exposition & Con- 
ference takes place March 14 to 17, 
1994, at McCormick Place North in 
Chicago. The conference focuses on 
using control technologies to improve 
productivity, quality, and communica- 
tions in discrete and process manufac- 
turing. 

The exposition highlights products 
that result from manufacturers’ apply- 
ing discrete- and process-control tech- 
nologies in motion-control systems, 
PLCs, actuators, displays, transducers, 
relays, data-acquisition devices, and 
measurement devices. 

Conference seminars will address 
the challenges that users, designers, 
and managers face when implementing 
control technologies, such as creating 
manufacturing-execution systems and 
rapid prototyping, managing product 
information, and integrating the facto- 
ry floor with front- and back-end oper- 
ations. Representatives from compa- 
nies such as Motorola and Intel will 
chair these seminars. 

—by Jim Leonard 

Reed Exhibition Companies, Stam- 
ford, CT, (203) 352-8297. Circle No. 349 


ESIGN YOUR SYSTEM... 


PLSyn lets you concentrate on your system, not on the 
PLDs. It is the only desktop system that allows you to 
design and simulate a system containing program- 
mable logic, discrete digital, and analog parts all 
on the same schematic. You can describe your 
logic using a powerful synthesis language, logic 
symbols, or a combination of both. Program- 
mable logic is automatically compiled and 
simulated with the rest of your system—even 

if it includes analog! You no longer need to 
piece together separate programmable logic, 
discrete logic, and analog simulations to be 
sure your system will work. 


When logic design 
is complete, PLSyn 
helps you find the 
best parts to use. You 


for price, speed, and po 
consumption. PLSyn de 


the new large complex PLDs 
AMD and others. PLSyn can ev 
automatically partition your desi 
into several different types of pa 


new to programmable logic, or an exp : 
enced PLD user, the Design Center’ S 


FAX: (714) 455- 0554 | . BBS: 


MIXED-SIGNAL DiGrraL. A | SIGNAL 
SIMULATION _ SIMULATION oe INTEGRITY __ ‘Loaic SYNTHESIS 


Design Center a PSpice are registered trademarks of MicroSim Corporation. All other trademarks are the property of their respective owners. 
* CIRCLE NO. 150 FOR IBM CIRCLE NO. 152 FOR SPARCSTATION © 
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When it comes to performance 


packaging and price, our references 
are impeccable. 


Introducing the AD780. The world’s best performing 2.5V reference. 


When it comes to voltage references, the AD780 is truly superlative. It’s the highest precision 2.5V volt- 
age reference on the market. In fact, with its temperature coefficient of 3ppm/°C and initial accuracy of 
ImV, no other voltage reference comes close to its performance over the industrial temperature range. 
It has by far the lowest noise in its category and at just $5.50 (in thousands) for the B-grade and $3.30 
(in thousands) for the A-grade, it’s also the lowest priced. But the AD780 isn’t merely superlative, it’s 
completely unique. It’s the only reference capable of providing either a 2.5V 
or 3.0V output while maintaining the industry standard pinout. 
Incidentally, the AD780 also offers the versatility of being available in 


industrial grade, surface-mount packaging. All of which means if you’re 
seeking a truly superlative voltage reference, the AD780 is one reference , 


you should check. So call us at 1-800-ANALOG-D (262-5643) for a free ANALOG 
sample and datasheet or write to us at the address below. DEVICES 


> Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106. 
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Jesse H. Neal 

Editorial Achievement Award 
1990 Certificate, Best Editorial 
1990 Certificate, Best Series 
1987, 1981 (2), 1978 (2), 

1977, 1976, 1975 


American Society of 
Business Press Editors Award 
1991, 1990, 1988, 1983, 1981 
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EDN-EDITORIAL 


Project Tin Roof and 
EDN’s EMC supplement 


It was 1978, and electromagnetic-compati- 
bility (EMC) issues were biting us at 
Hewlett-Packard’s Desktop Computer Divi- 
sion. Three years before IBM would intro- 
duce its PC, our development group in the 
Colorado foothills owned the desktop-com- 
puter market with the 9825 and 9845 desk- 
top computers. Users could buy a variety of 
interface cards for these machines—and 
there lay the problem. The cards’ I/O cables 
made our computers more susceptible to 
electrostatic discharge, and they spewed 
electromagnetic interference (EMI) into the 
ether. According to our EMC test engineers, 
it was only a matter of time before the FCC 
came knocking. I managed a crash project to 
solve the I/O cables’ EMC problems. We 
named the project “Tin Roof,” referring to 
expected solutions involving metal shielding 
and with more than a nod to Tennessee 
Williams’ “Cat On a Hot Tin Roof.” 

Lacking practical EMC knowledge ham- 
pered our efforts. Back then, we didn’t fully 
understand the sources of EMI or the cou- 
pling mechanisms that allowed noise sources 
to escape the computer. Worse, we had very 
poor understanding of the EMC aspects of 
“round.” Existing literature didn’t help 
much. Most of the information published on 
EMC was either geared toward the military 
or was too esoteric to give us a gut feel for 
the problem’s practical characteristics. 

As with any after-the-fact EMC project, 


Tin Roof had to adopt a “Band-Aid” 
approach. The I/O cards were already on the 
market, as were the desktop computers. 
Cases, form factors, and prices were already 
in place. The solution we developed had to 
retrofit into these existing parameters. Ulti- 
mately, we zeroed-in on the I/O cards’ 
grounding system and developed a die-cast 
card housing that clamped the I/O cable’s 
shield braid and grounded to the desktop 
computer through a large contact spring. 
This new grounding scheme replaced one 
formed by a mixture of the cable-shield’s 
drain wire, 20-mil pc-board traces, and sev- 
eral connectors. 

Today, anyone with a good feel for EMC 
design techniques would double over laugh- 
ing at our original grounding scheme; but 
back then, we just didn’t understand. We had 
to develop the necessary EMC knowledge on 
our own. 

Now, 15 years later, many of you are still 
looking for good, practical help with EMC 
issues. That’s why I’m pleased to present 
you the finest introduction to EMC design 
that I’ve seen. Bill Kimmel and Dary] Gerke, 
two successful EMC consultants, have cap- 
tured critical design information you'll need 
to tame EMC problems. Their “Designer’s 
Guide to Electromagnetic Compatibility” is 
a clear, comprehensive, and easy-to-read 
supplement you’ll find packaged with this 
issue of EDN. 


Steven H Leibson 
Editor-in-Chief 


Send me your comments via fax at (617) 558-4470, or on the EDN Bulletin Board System 
at (617) 558-4241, 300/1200/2400 8,N,1. From the Main System Menu, enter ss/soapbox and 


select W to write us a letter. 
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WORLD'S HIGHEST BANDWIDTH 
LOWEST POWER 
A/D CONVERTERS 


SPEED DEMONS, POWER MISERS. 


i ae ee A/D Family Features 
eficiency for bandwidth? HI1276, 8-bit, 500 MSPS 
Trade up to this family of high- ¢3(0 MHz input bandwidth 
speed A/D converters, designed e 2.8 W power consumption 
for high-speed instrumentation, HI1166, 8-bit, 250 MSPS 
communications, and profes- ©250 MHz input bandwidth 
sional video applications. Asa ¢ 1.4 W power consumption 
group, their speed ishardto = HI1396, 8-bit, 125 MSPS 
beat. Andwhen you combine FS ¢ 200 MHz input bandwidth 
teltecinniecon = ¢ 870 mW power consumption 
sumption, nothing else can HI1386, 8-bit, 75 MSPS 
hth theerk sek, ¢ 150 MHz bandwidth 
fouch them. eres a who ¢ 580 mW power consumption 
Sang OF) eR, Hoe HI1175/6, 8-bit, 20 MSPS 
» O- Dil, 
ai cdo i ° 18 MHz bandwidth 
in avariety of configurations ¢ 6() mW power consumption 
and with lots of built-in extra ¢ Built-in voltage reference 
features. So get the performance a 2 pigre 
—and oj . > BANDWIDTH (MHz , 10-bit, update rate 
youneed—and gi your ia H120203, 8-bit, 160 MHz update rate 
power supply abreak. =~ Bs as ager _ HILI71, 8-bit, 40 MHz update rate 


Nothing runs as far and as fast on so little power as a Harris data converter. Except maybe these high- 
energy in-line skates. On a single kick, they attain a theoretical straight-line speed of 115 mph, and 
maintain that speed for 45 minutes. (Actual specs will be available following the completion of a 
86.25-mile test sidewalk. ) 


@ HARRIS 


SEMICONDUCTOR 


ANSWER | Try our AnswerFax service! 
Call 407-724-3818 and request document #7051. 
Or call 1-800-4-HARRIS, ext. 7143. 


= EDN January 20, 1994 CIRCLE NO. 80 


FARRIS 


S.E.M: 1, C: O°N DU Cit O:R 


senaneenenennsnenncneenensensneneanennenecneenteneH seoencentennconiSteROanenOtnen thonnniinnintinannahinenoncnohioniniehonenehiiSiahihanohiikieianinineinelehnoHOniIinMHaNiNaARI HINA HMRI IITA HARIRI SIS IIASA TRAHAN HAHAHA ERRORS SSIES . 


/ 
| 
| 
| 
/ 
: 
, 
/ 
| 
' 
: 
| 
/ 


LLL LISLE 


ae 


ceaneaiaascdeerevrrns 


a 


| 


ee a ae! ee ren tiie iaitaiiminen 
Engineers and scientists who start a “al 
with other technical soft- gateuel Tie z 
=| Mathematica for Windows - [ Re] lampeuamaem : 

ware programs soon. reach ES File Edt Cell Graph Action Ste Optig 6.23567 0.700764 4.73226 6.81238 
E inf dp 6.08105 2.27097 9.92881 7.87574 | : 

a poi f : eee ey cane SOL saree | oc mesth. beneraes A ge | 
point they 2 t get past iain estes o06 lf | | 
The project isn. t finished, ehactunes toleens 100], {omega,0,10}] “aha pe ae ae 
but the software is. What loneh Fh A eee Oe | 
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can they do then but buy 
and learn yet another 
program for the next leg of 
the project, or return to 
pencil and paper to finish 
it out. 


H dng 3} 


Fortunately, many engi- 
neers and scientists start 
with Mathematica. And 


OTHER SYSTEMS 
CAN GET YOU ONLY SO FAR... 


quickly and easily. For even more 
support, you can always turn to one 
of the over 30 Mathematica-related 
books, tutorials, and journals, or 
call on one of our user support 

staff for personal assistance. 


So you see, Mathematica is the 


Outfdfe 
{-3.5 


ContourP lot [amp1[omega,10*x],{ onee" ego 


ici 
ES 
“| complete system that never 
leaves you stranded. 


To get the latest information call: 


1-800-441-MATH 


(U.S., Canada) 


they just keep going. 


Only Mathematica notebooks enable users to create interactive documents 


Mathematica helps them 
past the standard calcula- 
tions, and on to the more complex. 
Thousands of algorithms are at their 
fingertips to help them solve all kinds 
of technical problems. And nearly a 
hundred special-purpose packages are 
included free with Mathematica to 
take you even further. Add to that a 
revolutionary user interface, graphical 
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combining text, live formulas, and graphics that can be modified within the 
document at any time and easily organized into a hierarchical outline. 


abilities beyond comparison, and a 
symbolic programming language that 
makes it unprecedentedly easy to 
translate ideas into programs—and 
your possibilities are endless. 


The award-winning guide that comes 
with the program gets you started 


AOA MONAHAN SHIMANO 


LAMM TLE TTL ITE 


Wolfram Research 


Wolfram Research, Inc. 
+1-217-398-0700; fax: +1-217-398-0747; email: info@wri.com 


For European inquiries: 

Wolfram Research Europe Ltd. 
+44-(0)993-883400; fax: +44-(0)993-883800 
email: info-euro@wri.com 


Representatives in over 30 countries; contact main offices. 


©1993 Wolfram Research, Inc. Mathematica is a registered trademark of Wolfram Research, Inc. Mathematica is not associated with Mathematica Inc., Mathematica Policy Research, Inc., or MathTech, Inc. All other product names mentioned are trademarks of their producers. Photo by Joe Sohm, courtesy of The Stock Market . 
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Catch the next generation of PWM control ICs 
from Unitrode with the UC3823A and 
UC3825A. Offering the highest speed an 
greatest protection, these PWMs also eliminate 


the need for numerous external components. 


Rise above the undertow of mediocre performance and 
ake your designs to a higher level with the leader in PWM 
technology. For literature and free samples contact your 
Unitrode Representative or call: 


(603) 424-2410 


7 Continental Boulevard, Merrimack, NH 03054 
1./ISO 9001/EN 29001 FAX (603) 424-3460 
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@ Low start up current 

@ Accurate oscillator frequency 

@ Leading edge blanking 

High current totem pole outputs 
@ Latched fault logic 

@ Full-cycle soft start 

@ Restart delay after fault 

@ High GBW error amplifier 

@ Active low outputs during UVLO 
@ Advanced undervoltage lockout 


"THE CURRENT MODE PWM LEADER" 


INTEGRATED 
CIRCUITS 


ou” UNITTRODE 


Logic analyzers are 
good for debugging 
embedded systems, 
but they’re not the 
ultimate. Pairing 
them with debug- 
gers, though, 
addresses many of 
the drawbacks of 
using logic analyz- 
ers alone. 


EDN-TECHNOLOGY UPDATE 


Teaming a logic analyzer 
with a debugger provides 
advantages to both tools 


DAVID SHEAR, Technical Editor 


You might think of a logic analyzer as a tool 
for misguided hardware engineers who 
want to play with ones and zeros. They use 
logic analyzers to gleefully connect what 
seem to be thousands of probes on the tar- 
get. Then they stare, wide-eyed, at a dis- 
play full of random numbers or strange 
lines. 

As a software engineer, you most likely 
stay away from logic analyzers. Your world 
exists in a high-level language (HLL), prob- 
ably C. You are most comfortable in front of 
your workstation or PC debugging your code 
by setting breakpoints, single-stepping, and 
watching variables change. Even if you are 
programming in assembly language, you are 
most likely more comfortable using a debug- 
ger that lets you refer to your program via 
symbols. 

Despite these prejudices, you can get 
some real advantages from a logic analyzer, 
but it is not the ultimate debugging tool. No 
single tool can solve all possible problems; 
each has its strengths and weaknesses (see 
box, “Pros and cons of using logic analyzers 
to debug embedded systems”). Using a 


Fig 1 4 logic cnalyier and a Seveguerorens provide many useful debugging functions. Unfortunate- 


debugger along with a logic analyzer, how- 
ever, addresses many of the problems of 
logic analyzers. 

When you use a logic analyzer alone (Fig 
1), it acts primarily as a recording device 
that records what a target does. As such, it 
allows you to look at the recording and see 
what happened. The logic analyzer also 
allows you to go beyond the pP and trigger 
on-system events or even events external to 
the system you are debugging. For example, 
you can trigger a logic analyzer when a cer- 
tain pattern shows up on a parallel interface, 
or you can set the trigger on a contact clo- 
sure outside the target’s box. 

A trigger to a logic analyzer is similar to 
a breakpoint in a debugger. When inputs to 
the logic analyzer meet certain trigger para- 
meters (trigger qualifiers), the logic analyz- 
er performs a task. In most cases, the task is 
to fill up the trace buffer with program-exe- 
cution data. In some cases, the logic analyz- 
er’s trigger system might perform a single 
task each time the inputs meet the trigger 
conditions. For example, the logic analyzer 
may record only the data written into a vari- 


ly, they don’t take advantage of what each tool offers. 
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able. As a result, the logic analyzer 
records the many—perhaps millions 
of—times your program changes that 
variable. You can then see which func- 
tions within your program affect the 
value of the variable. 


wP pods reduce cable clutter 

Most logie analyzers also have 
optional pP pods that connect directly 
to the target. These pods replace the 
mass of probes with a single rather 
large connector. All the important sig- 
nals from the pP go to the logic analyz- 
er through this one pod. 

Another common option on logic ana- 
lyzers is a disassembler, or an inverse 
assembler, a software option that 
works within the logic analyzer to con- 
vert the acquired data in its trace 
buffer into assembly-language mne- 
monics. This option lets you view 
the assembly-language instructions 
instead of looking at logic levels. 

Although you can use a logic analyz- 
er alone, you could alternatively use it 
with a debugger. Using a debugger 
running on a workstation along with a 
debug monitor running on a target 
allows you to download a program and 
debug it as it runs on the target. The 
debug monitor, often called a ROM 
monitor, usually resides in ROM but 
can also reside in RAM. 

The debug monitor controls the oper- 
ation of the target by replacing instruc- 
tions in the target’s program memory 
with breakpoint instructions. The 
breakpoint instruction stops your tar- 


a The cea future would al 
workstation. or aC witho 


on lege ona to the  Sebiaoe 7 i 


Me eae ona feels: ane ee or Soncnds that . 
debugger must be able to interpret to control one eae A 
yzer family—let alone many of them—is not trivial = 
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___ WORKSTATION INMASKABLE | LOGIC ANALYZER MONITORS 
Shae THER __ | PROGRAMFLOW UNTIL TRIGGER 
JF J CONDITIONS ARE MET. THEN THE 
| TRIGGER OUT CAUSES AN 
___ INTERRUPT THAT PASSES 
| CONTROL TO THE DEBUG MONITOR. _ 


| TRIGGER 
_ oul 


| oo0o000 


"LOGIC ANALYZER 


___ TRIGGER MUST STILL BE 
___SETWITH ADDRESSES. 


Fig 2—Usin the figeih output Hof the lo ic ania to aR the ane program ae 
much better breakpoint options. Once the ice analyzer is triggered, the debug monitor com- 
municates with the debugger on the workstation. You then tell the debugger what infor- 
mation you want to see. 


DEBUGGER FOR ANALYSIS. 
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: — ANALYZER 


: Loaic ANALYZER 1S NOW SET WITH 

_ SYMBOLS, AND THE TRACE HAS SYMBOL 
ATA TO EASE REFERENCE BACK TO THE 

. HIGH- LEVEL-LANGUAGE SOURCE CODE. 


YOU CANNOT CONTROL THE LOGIC ANALYZER 
_ FROM THE DEBUGGER. YOU STILLHAVETO_ | 
— HOW 10 my THE LOGIC Aaah 


Fig. 3—Without symbols, i it is s difficult tc to set u up Aa logic te Let the output of your 
a linker give the logic analyzer the information to allow you to set it up with the 
symbols from ee program. In the tuture, the debugger will control the logic analyzer, and 
trace data will go back to the high-level-language shugeet for analysis. 


rece a is even futhen oe 
available let you place source- . 


gic analyzer to the oneiaion = 

t does not yet exist. However, — 

ck to the debugger, and 

rough” the trace buffer in HLL 

e like walking through ali ting, 

/ able you to see exactly what : your 
> gram ‘did on the target while the logic analyzer recorded 

ae data. It also will let you see when each instruction on the tor 

/ get executed. - 

oe ue next year, new products wil mostly be ' ‘conve-- - 
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¢  |DT is the only 1Mb SRAM vendor to offer 15ns, 
300mil SOJ SRAMs in volume, now. IDT’s leading 
CMOS technology provides the performance and man- 
ufacturability to make the 1DT71024 the ideal 1Mb 
) SRAM for your design. Available in 300mil SOJ and 
# 400mil SOJ/DIP packages, our 128K x 8 SRAM is the 
* _ ideal solution for both high-density board designs and 
performance upgrades of existing ; 
systems. Interested? Call us or 
FAX in the coupon today to get 
technical data, application _ 
briefs, and detailson a 
our free 300mil SOL 
{Mb SRAM offer. 
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get program and gives control to the 
monitor. The monitor then communi- 
cates with the debugger on the PC or 
workstation and allows you to perform 
debug operations. You can set a break- 
point only on an instruction, not on 
memory access. For example, you can- 
not set a breakpoint when a variable 
changes. 

If you merge a logic analyzer with a 
debugger (see Fig 2), then you can 
take advantage of the very complex 
triggering capabilities of the logic 
analyzer. You can set a breakpoint on 
almost anything, including memory 
accesses, so that you can determine 
such things as which functions are 
modifying a global variable or which 
function is corrupting your stack. Or 
you can cause a debugger breakpoint 
on system events. 

Unfortunately, to do this, you must 
set up the breakpoint conditions on the 
logic analyzer, which means that you 
have not only to learn how to use the 
logic analyzer but also to figure out the 
absolute address of all the functions 
and variables of interest. 


j e e@ a e@ @ 
_ System restrictions to using logic analyzers 
You cannot use the logic analyzer/ debugger approach on all systems; youcan — 
__use it only on those systems with the following features: eee 
__ @ Enough onboard RAM to run the program (however, you can overcome this 
restriction by having the program reside in a ROM emulator) _ | 
@ Space in RAM or ROM for an in-circuit debug monitor and a target program _ 
@ Aspare serial |/O port 7 a — 
© NMI (nonmaskable interrupt) or other interrupt available to trigger the debug _ 
~ monitor from the logic analyzer . . 
__ @ Aconnector or a test point to connect the trigger from the logic analyzer to 
the target - a i == 
@ A level converter for the trigger to interrupt the signal on the pP- 
@ Enough space to connect the logic analyzer’s probes or pod 


Pros and cons of using logic analyzers = ie—it™s 
to debug embedded systems _ 


Logic analyzers have the following pros and cons. They: — 


Cons S 


| Cannot look inside the wP to see internal 
see r—~—s,..C«iskzsiCS¥SCSCO#C 
~ Cannot monitor on-chip cache © .. 
} Can cause a tangle of wiring _ 
Must debug high-level language in assem- _ 
| — blylanguage 
_ Do not provide control of the target 
_ (no breakpoints)* 
Cannot modify registers or memory* 
Cannot download code* 


Pros 


__ Are least intrusive 


| Provide real-time trace 
_ Trigger beyond the processor : 
Provide trigger qualifiers to store 
_  @onpiexdaia  ~—sC  - 
| Provide deep trace (large memory to | 
record data) — | | 
_ Can look inside the P cycle to see 


Symbols are more than symbolic 

To make logic analyzers easier to 
use, many of them now accept sym- 
bols from compiler/linkers (see Fig 
3). Once you load the symbols into 
the logic analyzer, you can use the 
symbols to set triggers. The symbols 
also let you easily reference the trace 
data to an HLL source. You can send 
thousands of symbols to the logic 
analyzer. In many cases, you can 


| bus timing © —— 

_ Can investigate timing to external real- 
time events (time from the external - 
event to the interrupt response) _ 

_ Provide time-stamping of allevents  __ 
| Provide performance analysis  =—s©T 

_ Do not affect timing of target (do not 

slow it down) 2 | 
_ Are indispensable for getting a complex | 
| Gescntnng gk. 


-*Logic analyzers can overcome these drawbacks when you use them with debuggers. 


For free information... 


For free information on the logic analyzers useful in debugging embedded systems, circle the appropriate numbers on the postage-paid Infor- 


mation Retrieval Service card or use EDN’s Express Request service. When you contact any of the following manufacturers directly, please 
let them know you read about their products in EDN. __ 


American Arium Hewlett-Packard Co Orion Instruments 
Tustin, CA Santa Clara, CA Menlo Park, CA 
(714) 731-1661 - (800) 452-4844 (415) 327-8800 
Circle No. 334 Circle No. 338 Circle No. 342 


Biomation Hitachi Denshi America Ltd Promark 
Milpitas, CA Co Tonanee CA Technology West 2 LES belles on ee 2 
(408) 435-7800 : (310) 328-6116 Sunnyvale, CA yzers tor debugging em a e 
Circle No. 335 Circle No. 339 (408) 733-0272 systems available from all of the 


Emulation Technology Link Computer Graphics Inc Circle No. 343 foaled Lat ae a o mai 
Santa Clara, CA Fairfield, NJ Tektronix Inc h e Y : me d 
(408) 982-0660 (201) 808-8990 Beaverton, OR ihe postage-paid reader service , 
Circle No. 336 Circle No. 340 | (800) 426-2200 - card. Circle No. 345 


Fluke Corp NCI Circle No. 344 
Everett, WA Huntsville, AL 

(206) 347-6100 (205) 837-6667 

Circle No. 337 Circle No. 341 


Super Circle Number 
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SONY 


VisuUALIZE Wurar Your PC CAN Do. 


Video communications will be the hottest selling feature of tomorrow's PC's. The ingredients lor which are 


available right now in packages as small as 1/4". Just add an optical system to Sony's CCD and supporting Chip 


~ 


Set for a first rate, on-board camera featuring high-quality Hyper HAD" technology. Formats are NESC/PAL color 


‘CIR B&W. Supporting IC's for the CCD operating system include video signal processors in either 


s acknowledged expertise in video processing, just by calling, 1-800-288-SONY. 


rangement: We make the chips, you make the history: 


dds omincinoeminHrN mere HD) 


Select Ulindow 


©1993 Sony Electronics Inc., Sony and Hyper HAD are trademarks of Sony. Sony has a large 
sclection of other CCD's available for immediate application in medical video cameras, surveillance 
cameras, 2D barcode readers, machine vision and BAW object or character recognition systems. 
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send even the line numbers of your 
source code as symbols. This tech- 
nique allows you to easily set break- 
points on HLL statements and refer 
the data in the trace buffer back to 
the HLL code. 

Also in Fig 3, only symbols—not 
setup commands—go from the work- 
station to the logic analyzer. You cannot 
set triggers on the logic analyzer from 
within the debugger. This means you 
have to understand how to use the logic 
analyzer and often must leave your 
workstation and go to the logic analyz- 
er to set it up. 
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iceMASTER-PE 


Put all the tools on a screen 
However, some logic analyzers, such 
as the Enterprise DAS from Tektronix, 


THE INCREDIBLE NEW | fences 

having all the tools on your workstation 

ee E-33 iy 4 FX screen. Enterprise works with X Win- 

: ox E- dows, which means that if you are also 

NECIRCUIT EMULATOR | ee 
ONLY $1451.00 


the debugger, the compiler/linker, and 
the logic analyzer. This makes it much 
easier to control the tools and reference 
the data acquired by the logic analyzer 


m Supports 8X51/31, Other Fine Emulators New Debugger to your HLL source code. 
8X52/32, 8X51FA/EB/FC = 8051 From $1400* Enhancements _ Logic analyzers are not the perfect 
m Real-time and Nonintrusive s=68HC11 From $1600* mull support for structures, struments He APO DOACHES: SHA 38 
: unions, arrays, pointers in-circuit emulation, are more appro- 
m 64K Program Memory m 68HC05 From $1700 ae cirapnir priate at times. But logic analyzers are 
64K Data Memory mCOP8 From $625* Pete: very powerful tools for debugging 
wm 128K Hardware Breakpoints More than 100 devices : Sea embedded systems, especially when 
estBi Ceaiie Crake Butial supported through infers ee a combined with debuggers. As they 
changeable probe cards window-detect bad pointers become more integrated with debug- 
m Transparent Trace gers, their usefulness to software 
(View Trace and Execute Nobody Matches the Value of the PE Family debugging will increase. EDN 
Simultaneously) PE Product Max MetaLink NOHAU $$ 
m Fast, Easy Installation to Freq. List Price* List Price** Technical Editor David Shear can 
RS232 Port of any Dos PC 8351FX 16 $1451 $4820 be reached at (503) 754-9310, fax (503) 
83751/752 16 851 4300 758-9242, Internet: ednshear@mci- 
even Laptops! peer ae ee 7 
Built-In Self-Test 8032-24 24 851 4945 caholite Cabana 
eu ae la 8032-4242 999 7195 
m Symbolic Debug *US. Retail price.  *U.S. Price List dated 3/92, verbal quote 8/93. Article Interest Quotient 
m Source-Level Debug METALINKINVENTED LOW-COST EMULATIONIN 1984. | (Circle One) 
Ournew AET Emulator architecture (Advanced Emulator Technology, Pat. Pending) High 595 Medium 596 Low 597 
provides unmatched value. MetaLink also delivers leading edge customer service, 
including a 30-day money back guarantee, 10 day trial periods, rental plans and For practical help with 
— @. free technical support. Call today for FREE demo diskette. issues involving EMC 
VISA’ Masterterd iF 
(electromagnetic 
A z= _=_®@ compatibility), take a 
(800) 638-2423 Wie on look at our “Designer’s Guide 
, | Tec : to Electromagnetic Compati- 
MetaLink Corporation MetaLink Europe GmbH bilty.” k d with this i 
325 E. Elliot Road, Chandler, Az 85225 Westring 2, 8011<85614> Kirchseeon-Egiharting ty, packaged wi IS Issue 
Phone: (602) 926-0797 Fax: (602) 926-1198 Teleton (08091) 2046, Telefax (08091) 2386 of EDN. 
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WORLD CLASS D.C. POWER SUPPLIES — 


Condors 

medical switchers 
linears 

meet tomorrow's 


international 


Condors medical D.C. power 
supplies meet the toughest 
international safety requirements, 
including IEC601, VDE0750, 
UL544, CSA1402-3 and CSA22.2 
No. 125. Only Condor combines full 
agency approvals with so many 
outstanding features: 


38 single- and multiple-output linears 
44 multiple-output switchers 
Leakage current less than 60yA 
(switchers) or 8A (linears) 


Meet FCC20870, Class B and 
VDE0871, Class B without external 


filters 
Worldwide AC input ranges 
Industry-standard packages 
e 24-hour burn-in/2-year warranty 
(switchers) 
e 8-hour burn-in/3-year warranty (linears) 
e Tested |.C’s and 105 °C capacitors used 


throughout 


Condor also offers complete design and 
manufacturing capabilities for custom 
medical units, with 100% success in 
obtaining required worldwide agency 
approvals. For safety, quality and reliability, 
look to the leader in medical D.C. power 
supplies — Condor! 


Call for our 
free catalog, 
or see us 

in EEM! 


Condor D.C. Power Supplies, Inc. 
2311 Statham Parkway 

Oxnard, CA 93033 

(805) 486-4565 e FAX (805) 487-8911 
(800) 235-5929 (outside California) 
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vacuum fluorescent aSpiays, the 
3818F i is a smart 


| ee sourcing outputs and 
DMOS active pull-down circuitry. 

60 V or 80 V Source Outputs 

a High-Speed Source Drivers 

8 Active DMOS Pull-Downs 


Low-Output Saturation 
Voltages 


™ Low-Power CMOS Logic 
and Latches 


® 3.3 MHz Minimum Data 
Input Rate 


Reduced Supply Current 
Requirements 


° Yop 


© SERIAL 
DATA OUT 


OUT 39 OUTsy OUT 3p 
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BiMOS II Latched Drivers — 5801 


The 5801 latched-input BiMOS IC merges high- 
current, high-voltage outputs with CMOS logic. 


BiMOS II Unipolar 
Stepper-Motor 
Translator/Driver 
— 5804 


Combining low-power CMOS logic with high-current and high-voltage 
bipolar outputs, the 5804 BiMOS Il translator/driver provides com- 
plete control and drive for a four-phase unipolar stepper-motor. 


® 1.5 A Maximum Output 
‘Current 


® 35 V Output Sustaining 
Voltage 


® Wave-Drive, 
Two-Phase, and 
Half-Step Drive ay 
Formats 1 


® Internal Clamp 
Diodes 
@ Output Enable 


and Direction 
Control 


Power-ON Reset 


Internal Thermal Shutdown 
Circuitry 
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4.4 MHz Minimum Data Input Rate 
High-Voltage, High-Current Outputs 


Output Transient 
Protection %e0 


CMOS, NMOS, TTL 
Compatible Inputs 


STROBE 


Internal Pull-Down 
Resistors 


Low-Power CMOS 
Latches oureut Bee 
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TYPICAL MOS LATCH 
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TYPICAL BIPOLAR DRIVER 


Microsystems, Inc, 


BiMOS II 32-Bit 
Serial-Input, 
Latched mavers 
— 5832 


Intended originally to 
drive thermal print- 
heads, the 5832 has 
been optimized for 
low output-saturation voltage, 
high-speed operation, and pin 
configurations most convenient for 
the tight space requirements of 
high-resolution printheads. 


5 MHz Typical Data Input Rate 
Low-Power CMOS Logic 

and Latches 

40 V Current Sink Outputs 
Low Saturation Voltage 


© Yop 
CLOCK O— >——~—4-—p—_ - ---- - - - 


SERIAL 
DATA IN 32-BIT SHIFT REGISTER 


SERIAL 
DATA OUT 


STROBE LATCHES 


BLANKING O—4 >o——+-9—+-9—_+-+- - ------- 


OUT; OUT, OUTz GROUND OUT39 OUT, OUT32 
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Take A Test Drive... 
Call For Samples 


Try these Allegro ICs in your bread- 
board. You’ll find that you'll reduce 
your component count, increase reli- 
ability through use of monolithic solu- 
tions and protection features, as well 
as potentially lowering overall manu- 
facturing costs. Samples and detailed 
technical information are available. 
Just give us a call. 


FORMERLY SPRAGUE SEMICONDUCTOR GROUP 


115 Northeast Cutoff, Worcester, Massachusetts 01615 


Aristotle used it, 
George Boole hoost- 
ed it, John Von Neu- 
mann named it, and 
it first glowingly 
appeared in vacuum 
tubes. Despite its 
long history, logic 
design is alive and 
well: it has become a 
base technology and 
a lingua franca for 
digital designers. 
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Logic design 


is alive and well 


RAY WEISS, Technical Editor 


Logic design is here to stay. The Boolean 
equations and Karnaugh maps we learned in 
school still work, enabling us to map design 
concepts into working silicon. Like the pro- 
grammers before them, engineers are learn- 
ing to deal with a lack of certainty as our 
designs map down through a software-syn- 
thesis layer to an implementation. The equa- 
tions or gates you write, even for PALs, can 
take on a different, optimized form. 

However, logic synthesis has emerged 
as a core design technology for system 
and board designers. ASIC designers 
rely on synthesis to provide a level of 
technology (and foundry) independence 
as well as a mechanism oe te 
for higher level design 
above gates and layout. 
Current synthesis tech- 
nology supports synthe- 
sis and optimization 
for combinatorial logic, 
data-path element gener- 
ation, and simple state-  — 
machine design and syn- | | 
thesis. 

Designers are 
applying synthesis tech- — 
nology to programmable teste: mainly 
FPGAs and CPLDs. These chips are highly 
layout dependent, and FPGA synthesis has 
not yet reached ASIC effectiveness. Major 
synthesis-tool vendors, such as Synopsys, 
have FPGA tool compilers. Additionally, 
Cypress and Data I/O have VHDL (VHSIC 
Hardware Description Language)-based 
synthesis tools for PALs and PLDs. Some 
designers are mixing technologies, doing 
top-down, HDL-based designs and then syn- 
thesizing the logic into a mixture of ASICs 
and FPGAs. 

Logic design still has a long way to go, 
according to some practitioners. Still lack- 
ing are tools for design verification and 
design debugging. Instead, logic and system 
designers are left to their own devices to fig- 
ure out how to test their prototype circuits. 
Currently, no at-speed, logic-debug support 
systems comparable to those available to 
embedded system developers are available; 
nor are logic ICEs or special bond-out chips 


now 


available that show what your circuits are 
doing within the chip while running in situ, 
in the system. You can indeed simulate your 
designs, but simulation is not enough for 
many designers who also want real-time, in- 
system emulation. Large, reduced-speed 
logic emulators (such as Quickturn’s) are 
available. 

And finally, a new twist is emerging for 
programmable logic: dynamic reprogram- 
mability. You can view RAM-based FPGAs 
and CPLDs in the same light as micro- 
processors with RAM or flash memory; the 
executing logic or software machine can be 
loaded ies apts for different tasks. 
Today, some engineers 
reload FPGA logic func- 
tions mainly to perform 
off-line testing. A few 
designers are dynamically 
reloading their logic to 
perform different logic 
functions over time. Oth- 
ers are experimenting 
with so-called “soft com- 
puters,” which dynamical- 
ly map new and different 
CPU architectures on pro- 
grammable logic to match application and 
algorithm demands. 

Today’s engineers crank out designs in 
representations ranging from logic schemat- 
ic to PAL equations or HDL descriptions in 
VHDL or Verilog, all incorporating logic 
fundamentals. Such logic representations 
are accepted as a solid base for design, hav- 
ing easily understood elements such as logic 
gates, multiplexers, ALUs, multipliers, flip- 
flops, registers, counters, and memories. 

By highlighting different realities in the 
bustling world of design, four designers 
offer their views on the current state of 
technology (see boxes starting on pg 30). 
Each designer represents a range of expe- 
rience, from small ICEs to large commu- 
nication systems, from discrete and PAL- 
based design to simulation and top-down 
HDL design. 


Article Interest Quotient (Circle One) 
High 592 Medium 593 Low 594 
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D/A Config 
CfT Config 
Digital In Config 

Digital Out Config 


Data 

Control 
Get Config 
set Config 


BED SOE ate 


Type a word. o: select one from the fist. 
Then choose Show Topics. 


Flow ==> Repeat ==> For Count 


Select a topic. then choose Go To. 


Open View Parameters 


Enter the number of iterstions in the entry field or as an 


‘ 

i 

fi 
The For Count output value is 4 Real scalar ranging ss & 
arnay objects is zero-based, therefore For Count is ideally suite faversing the dimens 7 enrequired. 
The For Count value is the dimension size 


| Notes 


ifthe specified For Count value is zero or negative, the output is not activated, but the sequence output pin is. 


[eiteenommamemempmennenmecaemmmieae | Intelligent objects accept any connection from 
True Windows environment, including online another object or any data type; objects are self- 
_ Help, dialog boxes, DDE, and DLL support. labeled for quick identification. 


_ Powerful, high-level objects speed application a 
development. Single window operation displays Create your own user objects. Automatic wiring 
__ Your program as you develop or run it ~ makes connections foolproof. 


Cut Your Development Time with DT VEE 


DT VEE™ for Windows™ is a complete visual programming language for data acquisition that 


increases your productivity by speeding your application development. 


With DT VEE, you easily create, debug, document, run, and maintain powerful applications. 
Its high-level objects represent logical constructs that acquire, process, display, and share data. Program 
development is intuitive—connect objects in a logical sequence, and run. Its that easy. 


Change a program dynamically—add, replace, or delete objects on-the-fly. Create your own user 
objects—combine DLLs, other DT VEE objects, or your own tried-and-true algorithms. DT VEEs pow- 
erful objects let you reuse your code from application to application—pure productivity. 


FREE DEMO DISK 
Call today for a DT VEE'’s functionality is extensive. From a simple if/then/else loop to more complex 


ee mathematical processing to detailed displays, DT VEE has everything you need. 


information on DT VEE is based on HP VEE for Windows™ and is backed by the Hewlett-Packard 
DT VEE | 


1-800-525-8528 | and Data Translation commitment to quality. DATA TRANSLATION ° 


and more 


World Headquarters: (508) 481-3700, UK Headquarters: (0734) 793838, Germany Headquarters: (07142) 95 31-0, France Headquarters: 69.29.98.88, Italy Headquarters: (030) 2425696. 
Sales Offices: Argentina (541) 631-1212, (541) 244-4668; Australia 2699-8300; Austria: (222) 367660; Belgium (02) 466.81.99; Brazil 11564-6024; Canada (508) 481-3700, (800) 525-8528; China 86 1 8499586/87; Denmark (45) 42 27 45 11; 
Finland (0) 3511800; Greece (1) 361-4300; Hong Kong (852) 515-0018; India (22) 23-1040; Israel 9-545685; Japan (33) 502-5550, (33) 5379-1971; Korea (2) 718-9521; Malaysia (3) 248-6786; Mexico 575-6091, 575-6098; 
Netherlands (70) 399-6360; New Zealand (9) 415-8362; Norway (22) 43 41 50; Portugal (1) 7934834, (1) 7934934; Singapore 773 4300; South Africa (12) 803-7680/93; Spain (1) 555-8112; Sweden 08-765 02 80; Switzerland (1) 386-8686; 
Taiwan (2) 3039836: Thailand (02) 281-9596, (02) 282-4834, (02) 282-4797; Turkey (212) 288-6213/15, (212) 274 9097 8.27.93 
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_SLne perfect development environment 


is one that takes you from concept 
through celivery. 


Introducing the world’s first high-performance 
VHDL simulator with ASIC sign-off. 


Wow you can stay in your high-level design environment all the way to ASIC sign-off with 
SIMULATION Synopsys’ new VHDL System Simulator (VSS) family. The set of multi-engine simulators gives 


FOR HIGH-LEVEL 


een seamless performance from concept to sign-off simulation. So you can deliver healthy chips a lot 
faster and with a lot less pain than with any other simulator available today. ® 
Call 1-800-568-2619, dept. NI, for this free and informative booklet. SYNO/VSYS 
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_ THE VCXO WITH 


Raltron manufactures its Call or fax your specs to Sandy Cohen. 
compact VC 7025 Voltage 


Controlled Crystal Oscillator RALT RO 


to meet your Phase Locked 
Loop specifications, deliver- | ELECTRONICS CORP 


ing deviation sensitivity or 
pullability of up to +100 2315 NW 107 AVENUE 


a small package. At a price FAX (305) 594-3973 
you've been looking for. TELEX 441588 RALSEN 


Raltron manufactures a (305) 593-6033 


lete |i f the highest 
So eNO eane’st | ONLY RALTRON HAS IT ALL 


standard and custom Crystals / Crystal Oscillators 
specifications. Crystal Filters / Ceramic Resonators 
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HOW OTHER 
GAL SUPPLIERS 
DEAL WITH NOISE. 


Our competitors are ignoring the problem 
of noise. They don’t want to hear about 
ground bounce, so they’re keeping silent about 
how it degrades overall system performance 
and quality. And they definitely don’t like the 
sound of National’s new Quiet Series’ GALs-: 
That’s because we offer the best CMOS noise 
specs in the industry. And we guarantee 
the lowest noise at 10ns with all outputs 
switching (V.5 L5V, Vaye2 -l:2V), To bear 
more, call us at 1-800-NAT-SEMI, Ext. 269. 


The competition has heard enough. 


77 National 


Semiconductor 


Quiet Series is a trademark of National Semiconductor. GAL is a registered trademark of Lattice Semiconductor. © 1993 National Semiconductor Corporation. NORTH AMERICA: P.O. Box 7643, Mt. Prospect, IL 60056-7643 


(Tel: 1-800-628-7364, ext. 269 Fax: 1-800-888-5113) All rights reserved. 
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Burners, 


Motorola BurstRAMs™ for zero-wait-state performance. 


To reach the full potential of today’s new RISC —_ The solution? Motorola 9ns BurstRAMs that 
and CISC microprocessors at bus speeds of 60 —_allow zero-wait-state design. These affordable 
to 100 MHz and beyond, second level cache is devices work non-stop to support burst memory 
critical. Ordinary one- and two-wait-states stifle protocols for the 32- and 64-bit microprocessors 
the performance of next-generation systems and _ in your desktop, workstation and server designs. 
trap end users in an impatient “wait state” of BurstRAMs are available in 64K x 18 and 32K x 18 
their own. configurations. They come in 52-lead PLCC, module 
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BurstRAM 


BurstRAM™ BurstRAM” BurstRAM” . BurstRAM” 


BurstRAMs from Motorola. We fuel your hunger 
for high performance. 


Microprocessor(s) 11‘040 1‘486 [JPentium™ § [JPowerPC™ 
FAX coupon to 1-800-347-6686 or mail to Motorola, Box 1466, Austin, TX, 78767 a 


and ball grid array packages. And in the near | Please send me technical specifications on ee Gage 
: . : otoro rstRAMs. ia FAX ia US. P 

future, the zero-wait-state BurstRAM portfolio will t aecanraais® is Wigs ahaa 

° ° I ‘ 

expand to include x36 and full 3.3 volt devices. 1 Company ! 

) s ) I l 

Ifyou’re running one of the world’s fastest eae , cor 

) ° ! ERAS 2 OC a eae State Zip i 

processors, don’t stop now. Find out more about | Country | 

Prue cy ee ne Na 

I I 

+ I 


If you like what’s new, wait ’til you see what’s next. 


(AA) MOTOROLA 


©1994 Motorola, Inc. BurstRAM is a trademark of Motorola, Inc. Pentium is a trademark of Intel Corporation. PowerPC is a trademark of IBM Corporation. 
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The latest Ps have 
given rise to some 
ingenious new ways 
to keep systems from 
losing their cool. So 
far, though, veteran 
designers are waiting 
for proof of cost-effec- 
tiveness before warm- 
ing up to these new 
technologies. 
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Dan Strassberg, Senior Technical Editor 


Uh oh! Are those droplets of water bozl- 
img on top of your ICs? Nearly every 
engineer who designs a high-perfor- 
mance system using one of the hot new 
32-bit wPs must deal with the fact that 
the CPU, its SRAM cache, and the video 
controller can get really hot. To make the 
point, suppliers of cooling devices like to 
perform the boiling-water demo. Alas, 
as you'll see, that demo isn’t so far- 
fetched. But beware—when a complex 


IC’s case is at 100°C, the chip within it is 


well above the temperature at which its 
performance ceases to meet specs and 
where the IC’s long-term reliability is 
likely to suffer. 

The initial versions of Intel’s Pentium 
dissipate as much as 16W. Digital 
Equipment Corp’s 21064-AA Alpha 
AXP RISC pP, when operated at its 
maximum clock speed of 166 MHz, dissi- 
pates 23W. Although the pc boards on 
which you mount the ICs carry away sig- 
nificant heat, you have to work hard to 
maintain the devices’ junction tempera- 
tures at or below 85°C (as specified for 
the 21064-AA) or 90°C (as spec’d for the 
Pentium). 

In small systems, the hard work has 
traditionally involved adding heat sinks 


and fans. Now, though, there are other 
alternatives, including liquid cooling 
technologies suited to small systems and 
techniques for reducing a CPU’s power 
dissipation without affecting its perfor- 


- mance. (See box, “Dynamic power man- 


agement—pP cooling’s future.”) 


Don’t try this at home! 

With no heat sink and with only free- 
air convection to cool it, the Pentium’s 
junction-to-air thermal resistance is 
11.7°C/W. If you try operating the 
device at its maximum clock rate in a 
25°C (room-temperature) ambient with- 
out employing some cooling measures, 
the junction temperature will head for 
212°C. The case temperature will head 
for about 200 °C—100°C above the tem- 
perature of boiling water and hot enough 
to melt solder. Before these conditions 
exist, the chip. will fail. Only if you run 
the chip at a clock rate below one-third 
of its specified 66-MHz max can it oper- 
ate indefinitely without cooling. Even 
then, you have to make sure that the 
ambient temperature doesn’t exceed 
25°C. If the ambient can reach 45°C, you 
have to limit the clock rate to 16 MHz. 

High clock speeds and circuit com- 


Photo courtesy Wakefield Engineering Inc 
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: plexity underlie 
the high tem- 
Ot peratures. In a 

CMOS IC, if the 
DICPOPTOCCIIUTS © feature size and 
supply voltage remain constant, the cur- 
rent drain (and hence the power dissi- 
pation) will be almost directly propor- 
tional to clock speed and gate count. So, 
unless there are changes in the IC-fab- 
rication process, a new pP that has 
twice as many gates as its predecessor 
and runs at twice the clock speed con- 
sumes four times as much power. 

The latest wP chips’ high power dissi- 
pation has compelled many digital hard- 
ware designers to become familiar with 
a discipline they never had 
to worry about before— 
thermal management. Most- 
ly, thermal management has 
been the province of 
mechanical engineers and of 
electrical engineers who 
design high-power equip- 
ment, much of which is ana- 
log in nature. Many digital 
designers who have only 
recently been forced to 
become responsible for ther- 
mal design appear to under- 
estimate the field’s complex- 
ity or at least its subtleties. 

According to Dan Busby 
and Marty Pitasi of Hew- 
lett-Packard’s personal work- 
station operation in Chelms- 
ford, MA, one of the worst 
mistakes you can make is to 
delay considering thermal 
issues until a product is in 
the final design stages. 
Worse yet is failing to think 
about thermal matters until 
the product is in production. The only cor- 
rect time to start planning how to keep a 
product cool is at the beginning of the 
design cycle, the HP engineers assert. 

Poorly conceived remedies for ther- 
mal problems abound, and some cures 
can be worse than the disease. Costly 
thermal-management measures have 
been known to yield products whose reli- 
ability is worse than that of similar 
products built before the measures were 
adopted. Such experiences can tempt 
you to ignore thermal design. Often, 
doing so will seem to work. If IC junc- 
tion temperatures exceed operating lim- 
its by no more than, say, 10°C, the effects 
can be subtle—for example, increases in 
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setup and hold times and propagation 
delays. Such problems can fail to show up 
in routine production testing but then 
become obvious once the product is in 
customers’ hands. At that point, finding 
a solution can damage your company’s 
reputation and can cost far more than 
thermal-management approaches im- 
plemented during design. 


Keeping cool causes cost crunch 
Cost plays a major role in thermal 
management. Both HP and DEC have 
so far shunned alternatives to forced- 
air cooling in their personal worksta- 
tions; the companies are not convinced 
that other approaches can be as trou- 


Fig 1—One of the newest and most intriguing cooling technologies 
is Aavid Engineering’s Oasis. The hot component boils Fluorinert at 
57°C. The vapor travels through tubes to a condenser where it again 
becomes a liquid and returns to the hot component. As long as enough 
heat is removed from the condenser, the component temperature 
does not exceed 57°C. (Drawing courtesy of Aavid Engineering Inc) 


ble-free or as cost-effective in relative- 
ly high-volume manufacturing. Howev- 
er, cooling approaches are very much a 
function of the application. HP’s auto- 
matic test systems for high-speed digi- 
tal ICs use liquid cooling. The IC test 
systems are many times larger and 
more costly than personal workstations 
and are produced in smaller quantities. 

Nevertheless, proponents of some liq- 
uid-cooling approaches point out that 
their technologies not only compete in 
cost with air cooling but offer addition- 
al advantages. For example, several 
heat-transfer schemes that use liquids 
are both passive and silent. That is, they 
do not require motors or pumps to move 


nnn, Re 


the fluid. Consequently, the vendors 
maintain, equipment that uses these 
techniques is more reliable than equip- 
ment that uses fans, and it does not 
make noise that can disturb a quiet 
office. 

Aavid Engineering’s' recently 
announced Oasis technology is an 
example of a passive-cooling scheme 
that uses fluids. Strictly speaking, 
Oasis doesn’t cool a piece of equipment; 
it transfers heat from one place to 
another. But if a product resides in an 
enclosure whose large outer surface is 
“washed” by cool, freely moving air, © 
and you use the technique to move heat 
to one of the enclosure’s outer walls 
from a hot wP buried deep 
inside, the distinction seems 
academic. 

Oasis (Fig 1) works by hav- 
ing the hot component boil 
Fluorinert, a chemically inac- 
tive fluid. The boiling takes 
place in an evaporator—a 
network of tubes in contact 
with the hot device. The liq- 
uid boils at 57°C. Flexible 
plastic tubing carries the 
Fluorinert vapor to a con- 
denser in a cooler area of the 
system and carries the con- 
densed vapor (fluid) back to 
the hot component. The hot 
component never becomes 
warmer than 57°C as long as 
the air passing over the con- 
denser removes enough heat 
to return the Fluorinert to its 
liquid state. As the Fluo- 
rinert vapor travels from the 
hot component to the con- 
denser, it does give up some 
of its heat, warming the air 
within the enclosure somewhat, but 
this should not be a major problem. 

Another cooling scheme that uses 
Fluorinert is 3M Co’s Liquid Heat Sink 
(LHS) (Fig 2). Among products that 
use technology of this type are portable 
Pentium PCs made by Dolch Corp (Mil- 
pitas, CA). LHS uses flexible plastic 
bags filled with Fluorinert to carry 
heat away from hot components. A com- 
mon configuration sandwiches a bag 
between a pc board and a system enclo- 
sure’s outer wall. Dimensional toler- 
ances are a bit more critical than in air- 
cooled products; good heat transfer 
depends on maintaining the proper 
force on the bag, even though the fluid 
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expands as it warms. Except for the 
loss of cooling, a leak can do no damage, 
however. Fluorinert doesn’t conduct 
electricity or harm the earth’s ozone 
layer. You can obtain LHS in a wide 
range of sizes. A 2.52.5 x0.065-in. unit 
costs $6.06 (5000). 

Fluorinert figures in yet another 
cooling scheme: Heat Transfer Devices’ 
(HTD’s) heat sinks look ordinary 
enough from the outside but are filled 
with Fluorinert. The company claims 
that its devices exhibit a thermal resis- 
tance one-third that of solid aluminum 
heat sinks of similar dimensions. The 
HTD heat sinks are not cheap, though. 
Prices begin at around $10 in large 


quantities, a cost several times that of 
aluminum heat sinks of equal size. 
Table 1 is a list of cooling approach- 
es. Of these, numbers 10 through 12 are 
unsuited to small systems and, there- 
fore, lie outside the scope of this article. 
Numbers 1, 2, 7, 8, and 13 suit battery- 
powered portable systems as well as 
stationary equipment. The remaining 
techniques are appropriate for small 
and medium-sized stationary systems 
and for ac-powered portable equip- 
ment. The techniques that suit battery- 
powered equipment are or can be silent. 
So can the technique in number 6. 
Fans and thermoelectric coolers 
(TECs) are not ideal choices for bat- 


tery-powered equipment because these 
active cooling devices themselves con- 
sume power. Although fans and TECs 
can reduce the temperature of a sys- 
tem’s hottest chips, they raise the prod- 
uct’s total power dissipation and reduce 
the operating time between battery 
charges. Unlike fans, TECs do nothing 
to improve air circulation; their added 
dissipation usually increases forced-air 
cooling requirements. Indeed, applied 
without the requisite caution, TECs can 
actually raise the temperature of the 
chips they are supposed to cool! (See 
Ref 1.) 

A popular way of cooling a single 
hot IC is with a fan/heat sink (Fig 3). 
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These devices, 
which integrate 
heat sinks and 
subminiature 
brushless dece- 
weaesd icant ne are available 
from many sources, some of which are 
listed in the manufacturers box. 
Fan/heat sinks for use in PCs include a 
connector that mates with an unused 
connector on the PC’s power supply. 
Fan/heat sinks cost about $9 to $14 in 
large OEM quantities and less than $30 
in small quantities. Those prices are 
slightly less than the cost of separate 
fans and heat sinks. Since effort is 
involved in making your own fan/heat 
sink from the separate parts, the 
combination is more economical. 

Fan/heat sinks offer a practical way 
to cool hot wPs in some situations, such 
as when you upgrade a design to use a 
higher performance wP that runs hot- 
ter than the one it replaces. You should 
recognize fan/heat sinks’ limitations, 
though. One is temperature. Most units 
are recommended for operation at tem- 
peratures of 60°C or less. Under these 
conditions, you can expect roughly 10% 
of units to fail in 10,000 hours (approx- 
imately 14 months) of continuous oper- 
ation. Higher temperatures reduce the 
bearing life. 

If you use a fan/heat sink with a Pen- 
tium pP that dissipates 16W in air 
whose maximum temperature is a rela- 
tively cool 32°C, the fan must move air 
past the heat sink at a speed of at least 
200 linear ft/minute (LF'M) to maintain 
the IC’s junction temperature at 90°C 
or less. (With air moving past the heat 
sink at this speed, the IC’s junction-to- 
air thermal resistance drops to 


n n signi ire cooler. 
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Fig 2—Not all heat sinks are solid. 2M Co’s Liquid Heat Sink uses flexible plastic bags filled 
with Fluorinert liquid to carry heat away from hot components. 


3.6°C/W.) The most popular fan size in 
fan/heat sinks is 40 mm in diameter. 
Most such fans can move air at 200 LFM 
if their air-exit path is not severely 
impeded. (Generally, in fan/heat sinks, 
air enters through the heat sink and 
exits through the fan.) 

If the IC’s junction temperature is 
90°C, its case temperature will be 80°C. 
Since the fan makes thermal contact 
with the IC case by way of the heat sink 
attached to it, the fan’s temperature 
will be close to 80°C. At that tempera- 
ture, the fan’s life expectancy may be 
too short to satisfy you. The fan runs 
cooler and more reliably if it is separate 


see Ce are ae as pn as. existin 


from the heat sink and mounted a short 
distance from the wP. Simple duct work 
might allow it to deliver the full airflow 
to the heat sink. Few systems allow 
room for this approach, however. 

This scenario underscores the impor- 
tance of having a backup in case the fan 
in the fan/heat sink fails. If the fan 
stops moving air, the fan/heat sink may 
actually impede airflow. Therefore, you 
should consider a scheme that senses 
the IC’s case temperature or the fan’s 
airflow and slows the wP clock if the fan 
ceases to operate. 

Note that you can’t easily use a 
fan/heat sink with DEC’s 21064-AA wP, 
although you can use a separate fan. 
Hach of the IC’s three package options 
includes an integral heat sink and 
mounting studs that aren’t well suited 
to direct attachment of a fan. Unlike 
other wP packages, the metal parts 
(including the studs) are in electrical 
contact with the back of the die. This 
approach, which minimizes the junction- 
to-case thermal resistance, should cause 
no unusual electrical problems; the back 
of the die is at ground potential. 

An area that seems trivial but isn’t is 
how to attach a heat sink (or a fan/heat 
sink) to a wP or other high-pin-count 
IC. Heat-sink attachment can definite- 
ly cause problems for the unsuspecting. 
Today, almost all high-pin-count chips 
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Quicker. Easier. 
To save you time. 


To get solutions quickly, carry the 
best portable tool for engineering 
computation. The HP 48G graphic 
calculator. Focused problem-solving 
environments in the HP 48G lead 
you to answers fast. 


Press (4) and EQUATION. Create 
equations that look the same way 
you'd write them. Press (2) and 
SOLVE. Then just choose the kind 
of problem you want to solve. Like 
differential equations, a system of 
linear equations, or others. It’s 
your choice. 


You'll quickly 
learn to operate it! 


Pull-down menus guide you through 
problem-solving smoothly and quickly. 
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Push a button, select an entry from 
the pull-down menu, and fill in the 
blanks. Entering data is that easy. 


The tool you would have 
designed for yourself! 


Technically sophisticated. It contains 
over 300 built-in equations grouped 
into 15 technical subjects. Electricity, 
forces and energy, stress analysis, 
and other technical categories. 


And, it lets you work with many 
different object types for solving 
problems. Real numbers with units, 
polar forms of complex numbers, 
symbolic constants, variables in 
formulas, matrices, and lots more. 
It’s an engineer's dream tool! 


Special money-saving offer 
on Sparcom’s CalcWare 


PC/Mac Link software 
and connectivity cable. 


The HP 48G (and its RAM card 
expandable cousin, the HP 48GX) can 
be linked to your desktop PC or 
Mac. Sparcom is offering a special 
$49.95 price ($10.00 off) on its HP 48 
CalcWare PC/Mac Link. This connec- 
tivity software and cable are being 
offered at a special price from 
October 1, 1993 until June 30, 1994. 


To get more information on the 
HP 48 along with this and other 
special Sparcom offers, call 
800-443-1254, Dept. 421. 
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are in pin-grid- 

array (PGA) or 

oF surface-mount 
packages—thin 
DICT OPLUTUSSOLS quad flatpacks 
(TQF Ps), for example. You can solder a 
PGA into through holes or place it ina 
conventional- or a zero-insertion-force 
(ZIF’) socket. On rare occasions, a PGA 
is surface-mounted by using a solder- 
reflow process to attach it to a pattern 
of lands on a pc board. Chips mounted 
with any of these attachment methods 
except the last one can tolerate large 
forces parallel to the board. Surface- 
mount packages that are soldered in 
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place are not so tolerant, however. 
Repeated application and removal of 
forces parallel to the board can actually 
crack the solder joints that hold these 
packages on the board. 

Most heat sinks are made of alu- 
minum, which has a thermal coefficient 
of expansion (TCE) different from that 
of IC packages. If you use a rigid ther- 
mally conductive cement or epoxy to 
attach a heat sink to a TQF'P, the leads 
are subjected to changing forces in the 
plane of the board each time the IC 
heats or cools. Except for this problem, 
the cement is a good choice. The tops of 
IC packages aren’t perfectly flat. The 


cement fills gaps between the heat sink 
and the package that can materially 
reduce the heat sink’s effectiveness. 

In fact, Intel reports that attaching a 
heat sink to a Pentium chip without inter- 
posing a thermally conductive material to 
improve the contact can more than double 
the IC’s junction-to-heat-sink thermal 
resistance (Ref 2). An increase this large 
can cause serious problems. Alternatives, 
such as thermally conductive double- 
sided adhesive tape and adhesives that 
never completely solidify, are popular in 
some quarters. However, several compa- 
nies report that such materials can lose 
their stickiness over time and that few 


We cool | 


the hot spots | 


_ NASA photo of sun from Skylab 4 


around the world. 


We cool the Whole 
wide uP world. 


For the full range of pos- 
sibilities in cooling semi- 
conductors, you need to 
talk to Aavid Engineering. 
No one offers you more 
choices. No one. 


More product choices. 
For starters, we offer you 
over 3000 extruded and 
500 stamped designs—all 
tooled. There's a full range 
of bonded fin, liquid cooled 
and cast products. From 


Pentium is a registered trademark of Intel Corp. 


_ You get a world of 
stamped designs. 


Intel's Pentium™ uP to 
DEC's Alpha, we have heat 


sinks for every UP. Nobody 


else comes close. Nobody. 


More ways to attach. 


Snap on. Slide on. Plug in. 


We give you more quick, 
labor saving methods for 
mounting. Devices to heat 
sinks. Heat sinks to 


boards. More than anyone. 


More extrusions than 


anyone—anywhere. 


More design capabilities. 
We offer the world's best 
solutions for packaging 
high power density elec- 


tronics. With the most ad- 
vanced engineering team 


ever assembled, we can 
resolve any thermal man- 


agement challenge—and 


deliver state-of-the-art 
solutions. 


WE LEAD THE 
THERMAL MANAGEMENT WORLD 


CIRCLE NO. 64 


The higher the power, 
the more we can help. 


Call for immediate help— 
wherever you are around 
the world. Or send for 
literature. 

One Kool Path 

Laconia, NH 03247-0400 
TEL: 603-528-3400 

FAX: 603-528-1478 


Also Santa Ana, CA, 
England and Singapore 


AAVID ENGINEERING, INC. 
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adhesive tapes 

offer thermal 

Oot resistance as 

low as that of 

DICEOPPOCCISOTS good quality 
thermally conductive epoxy. 

For those who would like to use epoxy 
to at-tach heat sinks to their surface- 
mounted ICs but who are concerned 
about the differential-TCE problem, 
Wakefield Engineering offers a solution 
in its proprietary Deltem heat-sink 
material. Deltem’s TCE matches that 
of IC packages; its thermal conductivi- 
ty is nearly as good as that of alu- 
minum, and its price is even lower. 
According to the vendor, Deltem heat 
sinks often cost only half as much as 
aluminum ones. 

The company’s competitors insist 
that you can solve the differential-TCE 
problem simply by not using a rigid 
adhesive. Instead, they suggest 
mechanical attachment means. For 
example, if you make the heat sink a bit 
larger than the IC, you can bolt the heat 
sink to the PC board on which the IC is 
mounted. Or you can use spring clips 


m@ 0.1% & 0.5% R-value tolerance standard 


m +25 to 100 ppm/°C TCR 


m 0402, 0603, and 0805 package size 


m E-24 to E-96 series in stock 


Manufacturer 


North America Sales Agent 


Thin Film Technology —————z2 
1980 Commerce Drive 
N. Mankato, MN 56003 
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AFFORDABLE 


Thin Film Chip Resistors? 
Look at the Specifications: 


m affordable thin film precision & stability 


m thin film performance at thick film prices! 


Susumu Co., Ltd. 

14 Umamawashi-Cho, Kamitoba 
Minami - Ku, Kyoto, Japan 601 
075 671-7371, Fax 075 671-7374 


hin Film Technology 


that engage slots in the board. Spring 
clips are a favorite means of attaching 
heat sinks to'socketed ICs as well as to 
PGAs. Unlike TQFPs, PGAs do not 
have leads along their outer edges that 


One Stop Shopping! 


All your circuit board needs under one roof. 


| Call For A Quote! 


4761 E. Hunter Ave., Anaheim, CA 92807 


interfere with clips. Some sockets con- 
tain recesses especially designed to 
engage heat-sink attachment clips. 
When you attach a heat sink 
with bolts or clips, another contro- 


PCB MANUFACTURING 
2 day turn on multi-layers 
Prototype and production 
Gerber Data Test 

FR4, Polyimide 
Turnkey assembly 
PCMCIA up to 6 layers 


PCB DESIGN LAYOUTS 

e Layouts for Economical 
manufacturing 

e Backplanes 

e Impedance Control 

e Analog and ECL 

e Surface Mount 

e 3 CAD Workstations 


TECHNICAL SUPPORT 
e Free Design Layout Tips 
e Free MFG Cost 
Cutting Tips 
e We accept Gerber Data 
Via Modem 


Phone: (714) 970-2430 
FAX: (714) 970-2406 
MODEM: (714) 970-5015 
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rd/Processor Failure 


SOMEDAY, THE %#2&090 WILL HIT THE FAN 


Thermalloy Cooling Modules, the original 


TCM® can mean the difference between a 


ool customer— 


Other Cooling 
Modules 


20,000 hour fan life tape and epoxy bonding, 
Sleeve bearings ee 
on’t get burned 
you again. Specify Thermalloy. 


Other Cooling Modules Just Don’t Compare 


Cool the hottest chips 
With our TCMs 

you'll be able to 
cool chips to levels TEL: (214) 243-4321, FAX: (214) 241-4656 
approaching recir- 
culated liquid. TCMs 


are ideal for the hottest 


mounting options are available, including 
PGA E-Z Mount® mechanical 


spring clip, Thermattach™ 


For technical specifications 


and pricing, call us at 1-800-457-3579. 


processor, i486, AMD AM29000, Motorola 
68040 and Weitek 386. Fans of 5V or 
12V are designed for long life. Several 


The New Symbol for Cooling 
Quality and Reliability 


The Innovator in semiconductor accessories 


Thermalloy, Inc., PO Box 810839, Dallas, TX 75381-0839 


Redpoint Thermalloy, Ltd., Cheney Manor, Swindon, Wilts SN2 2QN, 
England, TEL: (793) 537861, FAX: (793) 615396 


El. Bo. Mec. Thermalloy s.r.l., Via del Tipografo 4, Z 1. Roveri, 
40138 Bologna, Italy, TEL: (051) 53.85.35, FAX: (051) 53.87.17 


Thermalloy, Ltd., B1 G/F Tuen Mun Industrial Centre, Pui to Road 


TM.TL., 76, Tuen Mun, N.T., Kowloon, Hong Kong, TEL: (852) 4647312 


microprocessors, including the Pentium™ 


TLX: 49200 THMYL HX, FAX: (852) 4563047 


© 1994. TCM and PGA E-Z Mount are registered trademarks of Thermalloy, Inc. Thermattach is a registered trademark of Chomerics, Inc. Pentium is a trademark of Intel, Inc. All rights reserved. 


CIRCLE NO. 97 


EDN January 20, 1994 = 49 


EDN-SPECIAL REPORT 


versial subject 
is whether to 
use a thermal- 
, AAA ly conductive 
DICrOPLOPESS0Tt washer or a 
thermally conductive nonadhesive 
paste (heat-sink compound or thermal 
grease) between the IC package and the 
heat sink. Several companies listed in 
the manufacturers box provide such 
materials. Although these materials can 
reduce the thermal resistance between 


IC packages and heat sinks enough to 


spell the difference between a cooling 
scheme’s success or failure, some com- 
panies balk at the logistical problems 
created by using the materials. For 
example, companies wonder whether 
service people who replace ICs in the 
field will remember to reapply heat-sink 
compound or install new washers. Oth- 
ers recall older heat-sink compounds 
that are no longer sold. After prolonged 
exposure to high temperatures, these 
materials could change from thermal 
conductors to insulators! 

A material from which you can make 
your own washers is Ucar Carbon Co’s 
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Fig 3—Fan/heat sinks, such as this one from 
IERG, offer a practical way to cool hot .Ps— 
for paral eg when you upgrade a design to 
use a higher performance ,.P that runs hot- 
ter than the one it replaces. These devices are 
not a panacea, however. (Note the clip used 
to attach the fan/heat sink to a PGA.) 


Grafoil. (The name is a contraction of 
“graphite foil.”) Grafoil is pure carbon; 
hence, it is electrically as well as ther- 
mally conductive. The electrical con- 
ductivity prevents its use in washers for 
power transistors; their cases are often 
at high voltages. It poses no problem in 
IC washers, however. For a little over 
$30, you can buy a roll of 0.015-in.-thick 
Grafoil large enough to make 900 2X2- 


Stuck Between A Sink And A Hot Place 


Chomerics” THERMATTACH” 
Thermally Conductive Tapes 


@ Double-sided tape with thermally conductive 


adhesive. 
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@ Pressure sensitive adhesive eliminates clip 

and epoxies. 
@ Embossed surface maximizes contact area. 
@ Eliminates off-line curing of liquid adhesives. 


Sometimes getting stuck has its advantages...thermal 
advantages. Such as when heat sinks are stuck onto 
microprocessors with THERMATTACH thermal tapes, the 
hot new product in the CHO-THERM® family of thermal 
interface materials. Extensive testing by leading 
component manufacturers and Chomerics clearly 
demonstrates the thermal and mechanical advantages 
of tape over other attachment methods. And 
THERMATTACH tapes do it at a lower installed cost. 


See for yourself. Call or fax for more information. 


in. washers. The material’s heat-trans- 
fer properties have earned a good rep- 
utation among engineers who package 
electronic systems. Though it makes no 
endorsements, Ref 2 suggests that 
you'll be hard-pressed to find anything 
better. Unfortunately, though, detailed 
thermal data are not available. EDN 
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Noritake has whatever kind of Vacuum Fluorescent Display that will fit your particular needs, including a 
wide range of character modules and graphic modules. 


¢ Low cost ¢ High brightness 

e Easy user interface ° SMT 

e Flexible control data ¢ Character Modules - over 20 models 
¢ High visibility ¢ Graphic Modules - over 10 models 


Call TOLL FREE 800-837-4727 
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DSP and Telecommunications. 


Texas Instruments application-specific 
FIFOs fit your applications like they were 
made for them. Because they are. 

For imaging and floating-point applica- 
tions using digital signal processors 


DSP FIFO 
Features 


(DSPs), our single-chip 36- ,@ 
bit DSP FIFOs provide a xo,60° 


parallel port interface, 
specialized microprocessor 
control logic and bidirec- 
tional mailbox registers, 
allowing for improved 
system performance. 

And for today’s trans- 
mission systems, TI's 
Telecom FIFOs _ help 
designers meet advanced 
synchronization require- 
ments by providing elas- 
tic store in 1-bit-wide 


interfaces at industrial 4 


temperature specifica- 
tions. 

And these are just a 
part of TI’s planned appli- 
cation-specific FIFOs. So 
now, rather than having to 
compromise with tradi- 
tional off-the-shelf FIFO or 
custom solutions, you can 
buy an application-specific 


solution that helps you cut design time, 
reduce board and memory space and 


TT's are. 


Telecom FIFO 
Features 


increase system performance. ext. 3032. 
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Most FIFOs just aren’t cut out for these applications. 


Of course, when it comes to high-per- 
formance capabilities, all of TI’s FIFOs are 
cut from the same cloth. At TI, FIFO 
means Fast In Fast Out. 

TTP’s advanced FIFO portfolio offers 


solutions in standard and 
fine-pitch packaging. 
Architectures range from 
64 to 4K word depths and 
1- to 36-bit widths. High- 
speed clocked architec- 
tures feature multistage 
synchronization circuitry 
for improved metastability 
characteristics. 

And with our FIFOs 
you get the Total 
Integration™ benefits 
you've come to expect 
from TI: leading-edge 
silicon, technical informa- 
tion, design tools and 
worldwide service and 
support. 

So instead of trying to 
use FIFOs that aren't cut 
out for the job, why not 
use the ones that are. For 
more information on how 
TVs FIFOs can help you 
make products that are a 


cut above, just complete and return the 
attached reply card or call 1-800-477-8924, 


00-8445a 
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For fast answers, call us at: Tel:1-800-366-9782. Fax:1-800-729-9288. Tel:0211-650302. Fax:0211-6503490. Tel:040-445-845. Fax:040-444-580. 
Tel:08-753-6020. Fax:08-755-3506. Tel:1-3067-5800. Fax:1-3946-3663. Tel:1-504-2787. Fax:1-504-2860. Tel:02-6709108. Fax:02-66981329. UK Tel:0908-691133. 
Fax:0908-670290. Tel:01-6 794200. Fax:01-6794081. Tel:886-9318. Fax:886-9022. Tel:02-719-2377. Fax:02-719-5951. Tel:02-551-0450. Fax:02-551-0451. 
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operation. 


H igher performance with lower power consump- 
tion. That's what designers need for tomorrow's 
high-end products. And that's precisely what you get 
from NEC's new 0.5-micron gate array families. 

Our CMOS-8L and CMOS-8LCX families give you 
3-volt operation to reduce power consumption, resolve 
heat and noise problems, and lower packaging costs. 

Far from sacrificing performance to achieve these 
benefits, they also offer a wide range of high-end 
features for portable products, workstations, and multi- 
processing enterprise systems. 

Our new gate arrays give you a loaded speed of 198 
picoseconds* high integration with up to 627K raw gates, 
and low power dissipation of 1.24 ~W/MHz/cell. 
CMOS-8LCX incorporates CrossCheck® embedded test 
technology. Other premium-performance features include: 


[| Compiled RAM with Built-in Self Test (BIST). 
[_] PLL, GTL and clock tree synthesis. 

|_| Combination TAB/QFP packaging. 

|_| 5-volt interface. 

[_] SCAN and JTAG test alternatives. 

[ ] OpenCAD® Design System support. 


NEC's CMOS-8L and CMOS-8LCX gate array families 
provide a competitive edge in tomorrow's markets by 
reducing power consumption without sacrificing perform- 
ance. For more information on our high-end 3-volt ASICs, 
call NEC today. 


* F/O0=2, W/L=0.5mm 
CrossCheck is a registered trademark of CrossCheck Technology Inc. 
OpenCAD is a registered trademark of NEC Electronics Inc. 
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The best thing about our 
900 MHz scope isnt the price. 


@ Nine : 
Al Gickane SRONAGROQPE 2 Catan 


Its what you get for it. 


Just like an analog scope, HP’s 500 MHz 
oscilloscope has a real-time display that 
responds instantly to changes in your 
waveforms or controls. 


How we can offer you a 
500 MHz, delayed sweep 


scope that’s within budget, 
without compromise. 


High bandwidth digital scopes have 
always forced you to sacrifice two 
things you love about analog scopes: 
a familiar look and feel and immedi- 
ate, believable displays. 


Our engineers didn’t think you 
should have to make that compro- 
mise. So they designed the HP 
54610A oscilloscope with the analog- 
style interface you're comfortable 
with, and a new digital architecture 
that produces waveform displays 
superior to analog scopes. 
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A bright trace and convenient, push- 
button functions like Autostore let you 
easily see and store tough-to-find 
signals. 


The result: you get the quality and 
performance you'd expect from HP. 
At a price you wouldn't. 


Call HP DIRECT at 1-800-452-4844", Ext. 7667 to 


talk to an HP engineer about your scope needs. 


Want to speak to someone about 
the HP 54610A scope features and 
specifications, or your specific 
application needs? Calling HP 
DIRECT is the fast, easy way to get 
all your questions answered — with 
no obligation to order. 


You see, HP DIRECT is your direct 
line to information and solutions for 
HP basic test instruments. With one 
simple call, you can get quick 
product specifications or any 
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Pretrigger viewing and delayed sweep 
mode help you save time by grabbing 
and displaying signals before or after 
the trigger event. 


technical literature you may need to 
make the right decision. Or if you 


want one-on-one technical support, 


you can speak 
to an engineer 
who has first- 
hand experi- 
ence with HP products. And, of 
course, if you're ready to order, we 
can help you do that, too. 


So give us a call. And discover 
how much more you really get from 
HP today. 


* In Canada, call 1-800-387-3867, Dept. 476. 


There is a better way. 


0) eackarp 
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Regulator topologies 
standardize battery- 
powered systems 


Bruce D Moore, Maxim Integrated Products 


Power supplies are perhaps the most crucial 
elements of a battery-powered system. Knowl- 
edge of some basic regulator topologies will 
help you select or design the right supply con- 
figurations for your needs. 


Portable computers and digital assistants usually require 
more than one power supply. These devices may need an 
ac/de adapter or battery charger; a high-voltage dc/ac con- 
verter for the backlight; and other supplies for lasers, cellu- 
lar radio transmitters, and auxiliaries. Swapping compo- 
nents in a basic switching-regulator layout alters the circuit 
topology to create regulators that step up, step down, or 
invert an input voltage. Substituting a transformer for the 
inductor produces at least two more regulator circuits or 
auxiliary output voltages. 

The parameters affecting the choice of a switching-regu- 
lator topology include the peak currents for the load and 
inductor, the voltage level on the power transistors, and the 
necessity for magnetic and capacitive energy storage. 
Table 1 shows the seven most common regulator topologies 
beginning with the simplest (top of table) (which are gen- 
erally also the most desirable in terms of efficiency, cost, 
and size) and progressing to more specialized types (bot- 
tom). The table also lists the pros and cons of each topolo- 
gy, allowing you to scroll through and find the topology that 
meets your needs. 

The table omits complex topologies such as resonant-mode 
regulators because their control circuitry consumes too 
much power for small battery-operated systems. The simpler 
the circuit, the better: Simple circuits have no magnetics at 
all or have simple inductors or 1:1 transformers. Off-the-shelf 
magnetics simplify assembly and minimize costs. Textbooks 
and magazine articles list other topologies that you can 
derive from the basic topologies in Table 1. Examples include 
the Cuk converter, which combines the buck and boost 
topologies, and the forward converter, which combines a 


Fig 1—You can invert the input source to create three topologies. 
The negative buck regulator (a) has an output voltage less than the 
input. The negative boost regulator (b) has an output more negative 
than the input. The negative-inverter regulator (c) converts a nega- 
tive voltage to a positive voltage. | 


buck converter with half of a push-pull converter. 
Switch-mode regulators have two fundamental modes of 
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operation: discontinuous conduction and continuous conduc- 
tion. Discontinuous conduction lets the inductor current 
decay to zero during each off period, which causes a transfer 
of all the stored energy to the output filter during each 
switching cycle. In the continuous-conduction mode, the 
inductor current includes a de component proportional to the 
load. Operating in the continuous-conduction mode lowers 
the ratio of peak inductor current to de-load current, there- 
by lowering the peak-to-peak ripple current and reducing 
the core loss. 


Peak current is critical 

In battery-powered converters, the peak inductor cur- 
rent is important because it affects the battery life and 
parasitic losses. The peak currents depend partly on the 
average load current, which varies with the regulator 
topology. Ref 1 presents equations for the peak-vs-load 
current associated with three regulator topologies. Peak 
inductor current also depends on the control circuit and 
whether the inductor current is continuous. The voltage 
stress on the switching transistor is usually not an issue in 
battery-powered converters. The 20 and 50V breakdown 
voltage ratings for standard logic-level MOSFETs are ade- 
quate for the low input and output voltages found in bat- 
tery-powered systems. 


Fig 2—You can create auxiliary outputs ci using a flyback trans- 


uck (a), boost (b), and 


former instead of an inductor in the basic 
inverter (c) configurations. 
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Dissipation losses occur in the parasitic resistive elements 
of the regulator circuit. These losses include: the series resis- 
tance of the battery; the equivalent series resistance (ESR) 
of the filter capacitors; the on-resistance of the switching ele- 
ment; and the resistances in the conductors, connectors, and 
wiring. Dissipation losses are proportional to the square of 
the peak current, so reducing the peak current can greatly 
minimize these losses. In addition, internal heating degrades 
a battery’s chemistry, so excessive peak currents can short- 
en a battery’s life. 

The best choice for most battery-powered applications is 
the buck regulator, provided you can afford the several cells 
needed to generate a battery voltage higher than the output 
voltage. Inductor current flows to the load during both phas- 
es of the switching cycle, so the average output current 
equals the average inductor current. In theory, the best effi- 
ciency occurs when the input voltage is low, which implies 
fewer battery cells in series. Assuming the switch’s on-state 
voltage drop is much smaller than the input voltage, a low 
input voltage reduces the ac switching losses and the rms 
input current. 

The boost, or step-up, topologies generate an output volt- 
age that is greater than the input voltage. The boost topolo- 
gies suit systems with a limited number of battery cells. 
Because the source voltage and the inductor are in series, the 
average inductor current equals the dc input current given 
by: 

I=P./V,. 


Sometimes called the buck-boost circuit, the inverter topol- 
ogy generates an output voltage that has opposite polarity 
from the input voltage. Inverting and flyback regulators are 
electrically equivalent when considering peak currents and 
voltage stress. These topologies are most suitable to applica- 
tions that require negative or galvanically isolated outputs. 
In general, however, the high peak currents make inverting 
and flyback topologies the least attractive of the simple reg- 
ulators. 

Inverting and boost topologies operate similarly; however, 
the inverter’s rectified inductor current produces a negative 
output voltage, which is not aided by the source voltage. The 
inverting regulator’s switching element experiences large 
voltage swings that impose high switching losses and high 
stress on the switching transistor. In addition, both the input 
and output filter capacitors for an inverting or flyback regu- 
lator must absorb current waveforms that have large, sharp 
transitions. Fast-moving waveform edges are absent at the 
input capacitor of a boost regulator or the output capacitor © 
of a buck regulator. 


Upside-down topologies have low-side switch 

You can implement three negative topologies by connect- 
ing the classic buck, boost, and inverting topologies upside 
down. Because the input source is inverted, you must reverse 
the polarities for the switch and rectifier (Fig 1). Although 
there are no ICs currently available for the negative topolo- 
gies, you can use a positive-output IC. Negative buck regu- 
lators enjoy all the advantages of positive buck regulators 
and have the added benefit of a low-side switch. The low-side 
switch arrangement allows the use of a low R,,, n-channel 
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Table eo DC topology beeery, 


INPUT 


OUTPUT 


. 
‘ 


Pros 


Linear regulator 
Inexpensive _ 
Very small 

Low quiescent current 

Low noise/EMI 


Charge pump 
Inexpensive 
Very small 

Can boost or invert 


Buck 
Lowest peak current 
~ Only one switch voltage drop 
Low-ripple current in output- 
filter capacitor 
Simple inductor | _ 
Low switch-stress voltage _ 


Boost 
Low peak current © 
Low-side switch 
Simple inductor 

Low switch-stress voltage 


Inverter | 
Simple inductor 


Flyback 
Isolated output 

- Multiple outputs — 
Steps up/down, inverts 

Low-side switch 


Push-pull 
Isolated output 
Multiple outputs 
Steps up/down, inverts 
Core doesn’t need to store 
energy 
Easy to filter 


| Only steps down (V 


Cons 


ace ne 
Inefficient at high input voltages 


Limited output power 
Limited range of inpuloutput 
veliege ratio 


only steps down VnuSV, _ 
High-side switch 
Only steps up (Viv): 


Output can’t be completely 
turned off 
No short-circuit protection 


Negative output only 


High-side switch 


High peak currents 


| Transformer instead of inductor 
_| High peak currents 


High switch-stress voltage 


Complex transformer 
Two switches required 
Two rectifiers required © 
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Vin 
7 TO 16V 


4 Vaer 


MAX747 


3 Sad 


NOTE: Ti =COILTRONICS CTX03-11948-1 


____ON/OFF 
—r— 


5. 

SHDN 

+12V 

CQ) OUTPUT 
AT 100 mA _ 


_-« 


2s 


Fig 3—The buck regulator with coupled inductive flyback winding is the best choice for battery-powered systems. The configuration has 


low peak currents and low ripple in the output voltage. 


MOSFET with simple drive requirements. The negative 
buck regulator has some appeal as an alternative for the 
main positive regulator, provided the battery can float with 
respect to system ground. If battery floating is possible, you 
can refer ground to the negative output and the battery’s 
positive terminal to V,,.. 

Usually, the best way to design multiple outputs in a bat- 
tery-powered system is to build several independent supplies. 
Using simple topologies, you can generate the remaining out- 
puts using off-the-shelf transformers or charge-pump taps. 

Coupled-inductor circuits (Fig 2) add an extra flyback 
winding to the basic buck, boost, and inverting topologies. 
These hybrid circuits are important because they combine 
the advantages of a flyback circuit (isolation and inexpensive 
multiple outputs) with the benefits of the buck and boost cir- 
cuits (low peak current and low voltage stress on the switch). 
The coupled inductor circuit reduces by one the number of 
windings required by a flyback circuit. This reduction allows 
the use of an inexpensive 1:1 transformer to generate dual 
output voltages. 

The buck regulator with a flyback winding is the superi- 
or-performance topology for many battery-powered applica- 
tions (Fig 3). The configuration has excellent stability, low 
peak currents, and low output ripple. The output power from 
the secondary winding depends on the main output’s load 
current and the amount of differential voltage across the pri- 
mary. Both of these parameters determine the change in 
core flux that triggers the flyback mechanism. 

As a rule of thumb, the total secondary power available is 
equal to or less than one-half the main output power. This rule 
applies only to high input voltages. You should reduce the esti- 
mate of secondary power for input voltages less than one and 
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nn OOOO, OC CCCC 


AUXILIARY 
—Vout 


FLYING 
CAPACITOR “7+ 


AUXILIARY 
+Vour 


Fig 4—The charge-pump tap offers an inexpensive way to achieve 
an auxiliary output voltage. Tapping a boost circuit with a flying 
capacitor (a) creates a negative cate pump. Placing a voltage dev. 
bler on the output of a boost circuit (b) creates a high-voltage aux- 
iliary output. 


Ultra Low Power Voice Modem ICs 
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SERIAL ) 
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SWITCHES 
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ROM BUFFER AUDIO RING 
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These are plans you can act on now. a one-minute voice file that used to eat up literature package CPD-16 and, if you'd 
Or when you're ready. They involve our 900 kilobytes now needs just 60 kB. like, we'll tell you how to contact your 
new, and dare we say, breakthrough ultra Even if your design isn’t yet of such nearest Silicon Systems representative. 
low power 2950 Data/Fax Modem IC with vocal proportions, you'd be wise to con- 1-800-624-8999, ext. 151. 
optional speech compression capability. sider our 2950 data/fax solution. It saves 

Our 2950T version features you cost, design space and transmission 
TrueSpeech™ audio compression adopted time while offering silicon “transformerless” Silicon Systems, Inc. 
by Microsoft® for voice-capable PCs, and DAA operation. Plus, it runs on ultra low Communications Products Division 
brings that capability to laptops, note- power for both 3.3V and SV worlds. It 14351 Myford Road, Tustin, CA 92680 
books, PDAs and other low power hosts. offers both QFP and TQFP packaging. Ph (714) 573-6000 Fax (714) 573-6906 

So now embedded voice files can And it’s universally customizable. It does 
accompany modem/fax transmissions and —_ everything but speak like the 2950T. sf s 
answering machine functions from porta- Which is exactly why you should be Jl 


bles without taxing storage space. To wit, talking with us. Call and we'll send you ATDK afin 


TrueSpeech™ is a Trademark of DSP Group, Inc. Registered trademarks are property of their respective owners. CIRCLE NO. 36 
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one-half times the output voltage. The rule also doesn’t apply 
to circuits containing a synchronous rectifier instead of a sim- 
ple diode. Synchronous rectifiers have a brief period when the 
primary current reverses, which causes the circuit to behave 
as a forward converter instead of a flyback converter. To 
transfer power efficiently during this forward conduction 
mode, you must minimize leakage inductances, reduce wind- 
ing and rectifier impedances, and make the secondary output’s 
filter capacitor as small as the ripple voltage allows. 
Diode-capacitor charge pumps offer another inexpensive 
way to generate multiple output voltages. Any node having 
repetitive pulses can drive the diode-capacitor network. The 
gate-driver output or the main switching node of a switching 
regulator are good candidates. Boost regulators, for exam- 
ple, can charge a flying capacitor through a grounded diode 
when the switching node is high (Fig 4a). Turning on the 
boost transistor forces the switching node and the flying 
capacitor’s positive voltage end to 0V. When the boost tran- 
sistor turns on, the flying capacitor generates a negative volt- 
age by discharging into the auxiliary output capacitor. 
Diode-capacitor charge pumps work best with boost 
switching regulators because the switching node swings 
between a well-defined voltage V,, and ground. Therefore, 
the line regulation is good. The line regulation is not as good 
when you tap the switching node of a buck or inverting reg- 
ulator because the high voltage V, varies with battery volt- 


RK 90 short-travel keyboard with NEMA 13 sealing 
RS 74/76 keyboard 
switch modules 


RF 15/19 flat-panel switch and indicator modules 


immediate, Circle No. 26 
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age. Load regulation depends mostly on the diode’s forward 
voltage drop. In very low-power applications (20 mA or less) 
where an output powers an op amp or an FET-gate driver, 
you can build the charge pump using an inexpensive 1N4148 
diode and a 1-yF capacitor. EDN 


Reference 
1. “Battery Management and DC-DC Converter Circuit 
Collection: ,” Appendix A, Maxim application note, 1993. 
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Article Interest Quotient (Circle One) 
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Industrial Electronic Engineers, Inc. has joined forces 
with Rafi GmbH & Co. to provide a unique modular 
approach to high performance data entry keyboards. 


Our Keyboard Team offers a wide range of modular 
switches and keyboards with excellent design 
flexibility, high quality construction and reliability. 
We can provide cost-effective custom panels and 
keyboard assemblies based on standard switch 
modules and indicators. Whether you need sealed 
full-travel data entry type keyboards or rugged flat 
panel assemblies with selective illumination and 
interchangeable legends, we have the solutions. 


IEE also provides completely integrated data entry 
and display assemblies utilizing our full line of 
standard flat panel displays. IEE is a company 
Uniquely qualified to satisfy all of your man-machine 
interface needs. For catalogs or further details please 
call, fax or write to us. 


INDUSTRIAL ELECTRONIC ENGINEERS, INC. 
7740 Lemona Avenue 
Van Nuys, California 91409-9234 
Tel (818) 787-0311 Ext. 418 + Fax (818) 901-9046 
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ANS 


Cable and rack & panel housings 
Modular design for custom selection 
8 - 200 amp contacts, coax & high voltage options 


Only Hypertronics ends the compromise in rectangular multipin 
connectors for military and commercial process, test equipment, 
power supply and computer applications, by combining low insertion 
force contacts in rugged, esthetically pleasing housings 


In Multipin 
Rectangular Connectors 


Our L Series modular system offers low insertion force (LIF) signal, 15 
- 200 amp power, first make/last break ground, 50 & 75 OHM coax and HYPERTAC®: Inserting pin into hyperboloid sleeve. 
8000 volt high voltage building block components. Combine these 
alternatives with the high current/small size performance of the 
Hypertac® contact - for unique cost and space efficiency. 


Now your can have it all... in cable to chassis and in rack and panel 
connectors for signal, power and other custom oriented applications. 


End the Connector compromise by calling 1-800-225-9228 Toll Free. 


Pin completely inserted into sleeve. 


HYPERTRONICS 
CORPORATION 


16 Brent Drive, Hudson, MA 01749 


(508) 568-0451 FAX (508) 568-0680 CIRCLE NO. 32 65 


Simple As 1, 2,3! Configure 
Your Own Modular Power Supply 


200 to 2000 Watts | 


Shown: AC input 
with PFC, 600 
Watts, 4-Outputs, 
Ake RO Moa 
4 Watts /in? 


AC 


J .er> 115/230 VAC 


(Auto Select optional) 


AC with PFC 
85-264 VAC 
(Meets IEC 555-2) 


DC (48 VDC) 


12-28V 
12-28V 
25-60V 


2 Select up to 8 DC output modules. — *Total current from dual output module. 
@ 


CALL (619) 575-1100 . . . OR FAX (619) 575-7185 


Now configuring your own power supply is as easy e Parallel/Current-Share (optional) 
as filling in the blanks. Just tell us which input and 200 to 2000 Watts 
which DC outputs you need and we’I|I put the modules e 2.5 to 5 inches high 


in place. What could be simpler? e Power Factor Correction (IEC 555-2) 
e Up to 16 outputs in the voltage/current Call for your free catalog: 
combinations of your choice (619) 575-1100. 


LAMBDA) 


Oualidyne inc. 


3055 Del Sol Bivd. ¢ San Diego, CA 92154 « Tel: (619) 575-1100 « Fax: (619) 575-7185 
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uick Just Got Quicker 


4000 Usable Gate FPGA at over 150 MHz. 


A new breed of superfast antifuse FPGA's is blowing away the 
competition in standard PREP™ benchmarks. 


The WildCat series of FPGA's from QuickLogic introduces its 
first member - the WildCat 4000. With more than 4000 usable 
gates this cost-effective WildCat flies at an astounding 

150 megahertz in the PREP DataPath benchmark. 


Relative PREP Performance 


Relative Speed Performance 
as Compared to QuickLogic 


Datapath State Machine Accumulator 


PREP Benchmark 


Presentations use or include the most recent PREP PLD Benchmark data 


Any analysis is not endorsed by PREP. 
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which was measured according to Benchmark Suite #1, Version 1.2, dated 3/28/93. 


Free Evaluation Tools 


Be one of the first 100 to fax your business card to 
QuickLogic, and receive our complete suite of powerful 
software evaluation tools at no cost. This $3000 value will run 
simulation and synthesis tests to prove your design and to 
show off the awesome speed of the WildCat 4000. 


Look to the company that lives up to its name for fast 
solutions to today's high speed, high density design 
requirements. For QUICK response fax us at (408)987-2012 
or call 1-800-842-FPGA (3742) to learn more about 
WildCat SuperFast FPGAs. 


= 
QUICKLOGIC 


We Live Up To Our Name 


2933 Bunker Hill Lane, Santa Clara, California 95054 


©1994 QuickLogic Corporation. PREP is a trademark of the Programmable Electronics Performance Company. 
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THERE may be another source for 


16-MEG 


BYTE-WIDE DRAMs. 


| Buz dont expect to find it here. | 


The ideal memory chip for any 
notebook computer or Personal Digi- 
tal Assistant is a 16-meg wide DRAM. 

Fortunately, there’s a supplier 
that has them available right now. 
Right here on earth. But only one. 


Samsung. 


© SAMSUNG SEMICONDUCTOR, INC., 1993. 


Our two word-wide and two 
byte-wide DRAMs let you create a 
dense memory with just a few chips. 
Which is exactly what small 
computers need. And since we 
make them in both 5 and 3.3 volt, 


you can also give your customers the 


low-power, long-running products 
they've been craving. | 
Beyond that, as you evolve further 
generations of the palmtop and 
PDA, and transform the computer 
into the kind of remarkable does- 


it-all assistant that used to seem 


Samsung's 16-meg Wide DRAMS. 


PART ORG. VOLTAGE 


KM48C2000 2Mx8, 4K REFRESH — 3.3, 5 
KM48C2I00 2Mx8, 2K REFRESH 24,5 
KM4I6CI000 =IMxXI6, 4K REFRESH 3.3, 5 
KM4I6CI200 IMxXI6, 2K REFRESH 3.3, 5 


anata 

PRU a 
esr 
: 


| WORLD'S 


Se 


eee 


ee 


eH a 
RenauouaT 
pases 
eapeainas 


ea 


sth 


a 


Sof 
. 


perma areTt 
SBE ITER HET 


sy 


saat 


pth ey y etry Gn Raa i se tehresiiy Barisal Sra i 
i Savaseaaun una aaeananaet Bier ‘ : ef Bay 4 dati 3 if 
ato Bae aati nate = Bf seat spe eeearate RRR a ARE Raa) 
eseaeny eauoane 


i 
ee otetea 


i a iuseunnanananatarnn 
nest sya Bananas 
Ea ee ec a EE 
atti RGRoS ye 3 iG Bogus qi 

a ae ae Be By 
i 


Bor 


Se EB a VA AUS eS ha Baa Rud seGE CoA SaRL Pau sai fs a SH Reueau nui oe 
Beata ft Raga ota econ taR HM ERRATA soccer Gen RGL Guetta) eannn S UauuE MeN ERR RETR ana Bg een EMU At Samana ra aula Ris anno a tata Nenu 
ge dabiucenssaiatt Sa eG es ee Paces : ee Sea yerananee nae 


like science fiction, you'll have | and with what is probably the | call 1-800-446-2760 or 408-954- 
memory chips equal to the task. broadest line of skaMs—yes, on earth. 7229. Or write to DRAM Marketing, 

At Samsung, we were the first | And today in the byte-wide, we’re | Samsung Semiconductor Inc., 3655 
to complete the 16-meg DRAM. | bringing you the most advanced | N. First St., San Jose, ca 95134. 


We've built on our lead in memory 16-meg product available. rH 
SANSUNG 


with a revolutionary synchronous For more information on 


DRAM, with low-voltage products, Samsung’s enabling prams, please A Generation AHEAD. 
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FAST Track to FAST SCSI 


90’s Challenges. The 90’s demand higher 
levels of performance and faster delivery 
than ever. Time-to-market, technological 
demands, and changing user needs make 
fast, simple SCSI seem as elusive as the 
horizon. To stay ahead in these challenging 
times, you need products you can count on, 
with proven ability to deliver the quality and 
reliability your customers require. 


90’s Products. After over a decade of 
industry leadership, NCR is still working 
hard to meet your needs and the challenges 
of the 90’s. The NCR 53€90 family of SCSI 
Controllers is constantly evolving, 
implementing and offering state-of-the-art 
products. For example, the NCR 53C90 
family supports multiple bus architectures, 
advanced SCSI-2 commands, fast SCSI data 


90’s Solutions. The SCSI challenges of the 
90’s can’t be solved with silicon alone. NCR 
quality and service provide you with the 
competitive edge that can make your 
industry leading designs a reality. Whether 
you require SCSI-1 or fast SCSI-2, in any 
system architecture, NCR has the product t 
meet your needs today. You can count on u 
to keep you on the fast track with the right 


technology, at the right price, at the right 
time for all your SCSI requirements. 


transfers and provides our exclusive 
TolerANT® SCSI driver and receiver 
technology, for reliable data transfers in 
every SCSI system. 


The NCR 53C€90 Family 
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a r | SCSI FAST ScSi* *NCR Fast SCSI devices transfer SCSI data at 10 MB/s synchronous or 7 MB/s asynchronous 


Single-bus architecture; SCS/ sequences controlled by 
hardware state machine to minimize host intervention 


Adds pass-through parity for increased system reliability & 
Adds split-bus architecture for more flexibility 5 
Adds support for differential transfers ——— 
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Triole Output 3.3V, 5V, and 12V High Efficiency 


Notebook Power Supply — Design Note 78 


Randy G. Flatness 


The new LTC1142 is a dual 5V and 3.3V synchronous 
step-down switching regulator controller featuring auto- 
matic Burst Mode™ operation to maintain high efficien- 
cies at low output currents. Two independent regulator 
sections, each driving a pair of complementary MOSFETs, 
may be shut down separately to less than 20uA/output. 
This feature is an absolute necessity to maximize battery 
life in portable applications. Additionally, the input voltage 
to each regulator section can be individually connected to 
different potentials (20V maximum) allowing a wide range 
of novel applications. 


The operating current levels for both regulator sections 
are user programmable, via external current sense resis- 
tors, to set current limit. A wide input voltage range for the 
LTC1142allows operation from 4V to 16V. TheLTC1142HV 
extends this voltage range to 20V, permitting operation 
with up to 12-cell battery packs. 


Both regulator blocks inthe LTC1142 and LTC1142HV use 
aconstant off-time current mode architectures with Burst 
Mode™ operation. This results in a power supply that has 
very high efficiency over a wide load current range, fast 
transient response, and very low dropout. The LTC1142is 
ideal for applications requiring 5V and 3.3V output volt- 
ages with high conversion efficiencies over a wide load 
current range in a small amount of board space. 


The application circuit in Figure 2 is configured to provide 
output voltages of 3.3V, 5V, and 12V. The current capabil- 
ity of both the 3.3V and 5V outputs is 2A (2.5A peak). The 
logic controlled 12V output can provide 150mA (200mA 
peak), which is ideal for flash memory applications. The 
operating efficiency shown in Figure 1 exceeds 90% for 
both the 3.3V and 5V sections. 


The 3.3V section of the circuit in Figure 2 is comprised of 
the main switch Q4, synchronous switch Q5, inductor L1, 
and current shunt Rsense3. The current sense resistor 


Burst Mode™ is a trademark of Linear Technology Corporation 
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Figure 1. LTC1142 Efficiency 


Rsense Monitors the inductor current and is used to set 
the output current according to the formula Igy7 = 100mV/ 
Rsense. Advantages of current control include excellent 
line and load transient rejection, inherent short-circuit 
protection and controlled start-up currents. Peak inductor 
currents for L1 and T1 of the circuit in Figure 2 are limited 
to 150mV/Rsense or 3.0A and 3.75A respectively. 


When the output current for either regulator section drops 
below approximately 15mV/Rsense, that section auto- 
matically enters Burst Mode™ operation to reduce switch- 
ing losses. Inthis mode the LTC1142 holds both MOSFETs 
off and sleeps at 160uA supply current while the output 
capacitor supports the load. When the output capacitor 
discharges 50mV, the LTC1142 briefly turns this section 
back on, or “bursts” to recharge the output capacitor. The 
timing capacitor pins, which go to OV during the sleep 
interval, can be monitored with an oscilloscope to observe 
burst action. As the load current is decreased the circuit 
will burst less and less frequently. 


The timing capacitors C73 and Crs set the off-time accord- 
ing to the formula torr = 1.3 x 104 x Cr. The constant off- 
time architecture maintains aconstant ripple current while 
the operating frequency varies with input voltage. The 
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3.3V section has an off-time of approximately 5us result- 
ing ina operating frequency of 120kHz at 8V input voltage. 
The 5V section has an off-time of 3.5us and a switching 
frequency of 107kHz at 8V input voltage. 


The operation of the 5V section is identical to the 3.3V 
section with inductor L1 replaced by transformer T1. The 
12\ output voltage is derived from an auxiliary winding on 
the 5V inductor 11. The output from this additional wind- 
ing is rectified by diode D3 and applied to the input of an 
LT1121 regulator. The 12V output voltage is set by 
resistors R3 and R4. A turns ratio of 1:1.8 is used for 11 
to ensure that the input voltage to the LT1121 is high 
enough to keep the regulator out of dropout while maxi- 
mizing efficiency. 


The LTC1142 synchronous switch removes the normal 
limitation that power must be drawn from the primary 5V 


inductor winding in order to extract power from the 
auxiliary winding. With synchronous switching the auxil- 
lary 12V output may be loaded without regard to the SV 
primary output load providing that the loop remains in 
continuous mode operation. 


When the 12V output is activated by a TTL high (6V 
maximum) on the 12V enable line, the 5V section of the 
LTC1142 is forced into continuous mode. A resistor 
divider composed of R1, R5 and switch Q1 forces an offset 
subtracting from the internal 25mV offset at pin 14. When 
this external offset cancels the built-in 25mV offset Burst 
Mode™ operation is inhibited. 


For additional high efficiency circuits see Application 


Note 54. 


= Sv70 35 + OV = NORMAL : a eur 
= {uF 35V 
ay 2 {uF x= 51.5V = SHUTDOWN Ze Be E Se x2 
= - a4 = 24 2 16 io Q2 
Si9430DY VIN3 SHUTDOWN 3 SHUTDOWN 5 Vins Si9430DY 
93 
RsENSES = A P-DRIVE 3 P-DRIVES * RSENSES 
Vours ___., 2:082 mM 0.040 ae 
= 2000pF LTC1142HV 1000pF aa ae ae 
SENSE™ 3 SENSE~5 
28 
D1 
MBRS140 me Ba aloe N-DRIVE 5 MBRS140 4 
Q5 P-GND3 S-GND3 Cr3. ItH3~—sIts.~—Ss C5. S-GND5 P-GNDS 18k 
+ 220uF Si941 0DY Qt +] 220uF 
10V 4 3 25 27 " VN7002 10V 
x2 T 5102 25100 “e 
Cr3 3300pF | 3300pF | Crs 
390pF 270pF 
= 12V ENABLE ee = 
OV = 12V OFF 
>3V = 12V ON 
(6V MAX) 
12V/150mA 22uF 
= - 5 25 
Roense3:KRL SL-1R050J 22uF 20pF $R3 OUT 220 
Reenses:KRL SL-1R040J 25V 660k SHUTDOWN easctas 
L1:COILTRONICS CTX-33-4 
T1:PRIMARY = 30uH = 1000pF 


PRIMARY: SECONDARY = 1:1.8 
DALE LPE-6562-A026 


raat 
R4 IN 
300k GND 


DN78 + F02 


Figure 2. LTC1142 Triple Output High Efficiency Power Supply 
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Pulse stretcher increases ECL-gate gains 


Nicholas J Bucska, PC Peripherals, Louisville, CO 


The circuit in Fig 1 stretches the output pulses of an ECL 
comparator by operating the ECL line receivers with unusu- 
ally large pulldown resistors to the -15V supply. The large 
load resistance maximizes the gains of the emitter-follower 
output stages and speeds up the rising edges. At the same 
time, the low pulldown current, together with the input and 
wiring capacitances, slows the falling edges. These actions 
stretch the positive pulses by approximately 2 nsec/stage. 
ECL comparators usually have low gains, typically about 
_ 900. The receivers of IC, increase this gain by a minimum of 
60 to 100 times. IC, is an unusual single shot, which stretch- 
es only the short pulses but leaves the long pulses unchanged. 
The circuit wire ORs the input of IC, to its output, so when 
the input goes high, it instantly pulls up the output. After one 
gate delay, the output of IC,, becomes active and pulls the 
Input up, latching it into high position. Now the output of IC, 
turns off, and its output drops with the slope determined by 
C, and the pulldown current. After crossing the switching 
threshold, IC,,, turns off IC,,, which resets the latch. If the 
input pulse is longer than this delay, the latch has no effect. 
EDN BBS /DL_SIG #1359 EDN 
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Fig 1—The circuit stretches the output pulses of an ECL comparator 
by operating the ECL line receivers with unusually large pulldown 
resistors. 


Expanded-scale voltmeter uses just two parts 


DD Cantrell, North Valley Research, Los Molinos, CA 


The expanded voltmeter in Fig 1 doesn’t require trimpots to 
obtain usable accuracy or require the tedious selection of 
Zener diodes. This circuit consists of only two parts anda 5V 
meter. The circuit is completely linear and requires no cali- 
bration except the rare mechanical zeroing of the meter. By 
using a split-voltage reference system with floating output, 
the zero point of the voltage supplied to the meter equals the 
absolute sum of the two references. With the regulators in 


Fig 1—Using a split voltage-reference system with floating output, 
the zero point of this expanded-scale meter equals the absolute sum 
of the two references. oe 


the figure, the 0 to 5V meter reads 10 to 15V inputs. If the 
voltage into the system falls below this level, the output to the 
meter changes polarity. This feature allows use of the 
mechanical zeroing of the meter, although this zeroing 
should never be necessary because most regulators yield out- 
puts more accurate than the meter can read. 

The pinouts of these TO-92 devices are perfect for this 
application. The small size allows installation of the circuit 
within most meter cases. Keep in mind that this circuit will 
present a load of 3 to 5 mA, and connections should minimize 
any voltage drops between meter and battery. 

For use with other voltages, select regulators for sums 
equaling the lowest voltage to be displayed. As an example, 
a 78L15 and a 79L05 will output a zero voltage at 20V. A 5V 
meter will then read from 20 to 25V. You can make the cir- 
cuit adjustable by substituting a 317L adjustable regulator 
and the necessary resistors in place of the 78L05. EDN 
EDN BBS /DI_SIG #1362 
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Simple circuit detects current pulses 


Richard McGillivray, Grey Bruce Regional Health Centre, Owen Sound, Ontario, Canada 


The pulse detector in Fig 1 provides a visible indication of 
positive and negative current pulses. The pulses’ amplitudes 
can vary from 20 to 150 mA. The pulses’ durations can range 


Fig 1—This pulse detector provides a visible indication of positive 
and negative current pulses. 


from 10 to 40 msec, and their repetition rate can span 40 to 
180 pulses/minute. 

In Fig 1, the junction of the resistive divider connects to a 
bridge peetifier comprising diodes D, and D,, and the LEDs 


_D,and D,. An N-channel JFET, Q,,is aie load for the bridge. 


The J FET provides a constant-current sink for the LEDs. 
Obviously, the JFET must have an L jeg Of less than the max- 
imum LED forward current. 

D, and D, indicate positive and negative pulses, respec- 
tively. The LEDs’ brightness remains virtually constant over 
the specified range of input-current pulses. EDN 
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Circuit eliminates hum from pulsed signal 


Stanislav Tomek, Slovak Technical University, Slovak Republic 
The circuit in Fig 1 eliminates hum from a periodic signal by 


a factor of as much as 100:1. Fig 2a shows an incoming signal 
that combines a periodic square wave and a much lower fre- 


MULTIPLEXER-24 


SYNC KG 


SIGNAL 


quency hum. Suppose for similicity’s sake that the hum is 
sinusoidal. © 
The input signal has two envelopes that follow the hum 


Fig 1—This circuit eliminates hum from a periodic signal by a factor of as much as 100:1. 
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(Fig 2a). The circuit separates these 
two envelopes and then subtracts them, 
yielding the waveform in Fig 2b. This 
signal has an ac and a dc component. A 
capacitor eliminates the de component, 
and the circuit splits the signal into the 
waveforms in 2c and 2d, inverting neg- 
ative excursions to get the signal in 2e. 

Notice that the sum of Fig 2c and Fig 
2d is the inverse of the hum. Therefore, 
summing Fig 2a with Fig 2c and Fig 2d 
yields the reconstructed pulse signal in 
Fig 2e. 

The analog multiplexer, IC,, in Fig 1 
separates the signal envelopes. The op 
amp IC, subtracts them from each 
other. The capacitor C, removes the de 
level from the signal. The analog multi- 
plexer IC, divides the signal into posi- 
tive and negative parts. The inverter 
IC, inverts the negative part of the sig- 
nal. Op amp IC. sums the signals to 
derive the output. 

The external signal, which has the 
same frequency and phase as the pulse 
signal, synchronizes the analog multi- 
plexers. Trimmers R, and R, optimize 
performance. EDN BBS /DI_SIG #1352 
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separates these two envelopes and then subtracts them, yielding the waveform in 2b. A | 
capacitor eliminates 2b’s dc component, and the circuit splits the signal into the waveforms 
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in 2c and 2d (inverting negative excursions to get the signal in 2c). Summing 2a with Fig 2c _ 
and Fig 2d yields the reconstructed pulse signal of 2c. y 


MOSFET replaces switch 


Malcolm Watts, Wellington Polytechnic, Wellington, New Zealand 


By using a cheap, readily available MOSFET, you can use a 
single-pole switch to turn a bipolar power supply on and off 
without consuming extra power. In Fig 1, the switch simply 
controls the MOSFET gate, which switches on the negative 
supply. Resistor R, which can be several megohms, is not nec- 
essary if the +6V rails are permanently connected to a load, 
such as an op-amp circuit. Because the MOSFET’s R,,..o,, is 
a fraction of an ohm, power loss is minimal, and the circuit 
suits moderate-consumption, battery-operated circuitry. 
EDN BBS /DI_SIG #1360 
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Fig 1—The switch simply controls this circuit’s MOSFET gate to turn 
the negative supply on and off. 
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PC programs PROM simulator 


Shwang-Shi Bai, Chang-Shan Institute of Technology, Taiwan, ROC 


The circuit in Fig 1 emulates 8-kbyte PROMs, such The cae ZIPfile, DI13467. ZIP, attached to the - | 
as the 2764. The programs in Listings land 2allow message /DI _SIG #1346, contains Listings l and2aswellas 
Wl you to download a PROM program to the emulator executable files and an OrCAD 2.0 version of the schematic 
via a PC’s serial port. Fig 1. EDN BBS /DI_ SIG #1346 ~~ ids EDN 

To operate the emulator, you first set the SPST switch to r|hCrrt“‘<‘COCOCOCOCOCisisCiCiCiC;Ctwé‘ 
the closed, or download, position. The PC then downloads the 
PROM’s data via the emulator’s 8751 microcontroller. Mov- 
ing the switch back to the open position puts the circuit in 
emulation mode. 
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Fig 1—The 8751 microcontroller in this circuit accepts PROM programs from a PC’s serial port, loading them into onboard SRAM, so that 
the circuit can emulate 8-kbyte PROMs. _. 
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Status indicator flags five discharge states 


Glen Chenier, Fitel Photomatrix, Nepean, ON, Canada 


With just one leftover op amp or comparator, you can add a 
battery-condition indicator to your portable circuit design. 
To indicate the life in an aging battery visually, the circuit 
in Fig 1 varies the duty cycle and flash rate of an LED when 
the battery voltage drops below established limits. 

The circuit actually indicates five conditions of the battery. 
A steady glow assures the user that the battery is strong and 
healthy. A 2-Hz brief flicker off indicates that the battery is 
starting to show age. A more insistent, 50%, 5-Hz flashing is 
a warning to have a spare battery on hand. A brief flicker on 
at 2 Hz is the battery’s last gasp. And, when the LED is con- 
tinuously off, it’s time to replace the battery. 

The component values in the figure switch the LED from 
steadily on to flash mode when the 9V battery drops to about 
6.5V and the LED is continuously off below 5.5V. You can tweak 
the resistor values for different voltage thresholds as desired. 

The circuit holds the op amp’s minus-input voltage 
between the upper and lower limit that R,, R,, and R, estab- 


| 


(9V TO 5.5V DISCHARGE) 


eee UL 


lish. For a precise dead-battery threshold, make R, 
adjustable to offset the variations in regulator tolerance. The 
circuit oscillates only when the battery-sense voltage at the 
op amp’s plus input is within those limits. Above and below 
these limits, the circuit functions as a comparator and holds 
the LED continuously on or off. Within the limits, the capac- 
itor sawtooth will have the amplitude established by the hys- 
teresis of R,, R,, and R,. The hysteresis must be smaller than 
the capacitor-sawtooth limits, and their difference defines 
the voltage range over which the circuit oscillates. Calcula- 
tions are tedious, so you'll find it easier just to breadboard 
the circuit and tickle the values until the circuit percolates at 
the thresholds you want. An LM358 can drive a high-effi- 
ciency LED, but higher current requirements or open-col- 
lector comparators need a buffer transistor. 
EDN BBS /DI_SIG #1358 
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Fig 1—Depending on the status of this indicator circuit’s 9V battery, the op amp either keeps the LED continuously on or off, or the circuit 
oscillates to alert you to three additional stages of battery discharge. 


ADC helps temperature-compensate transducer 


Alexander L Belousov, Science Instruments Co, Baltimore, MD 


You can use many tricks to make temperature-compensated 
resistive full-bridge transducers, such as piezoresistive pres- 
sure or strain-guage sensors. Most of these tricks use some 
additional thermosensitive components that produce a com- 
pensating voltage or current. The disadvantages of such solu- 
tions are obvious: low accuracy due to the inevitable temper- 
ature difference between the sensor’s body and resistive 
bridge, increased circuit complexity due to the extra parts, 
and demands for accurate adjustment of analog values. 
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The alternative in Fig 1 uses an ADC and takes advantage 
of the thermal properties of resistive solid-state sensors such 
as pressure sensors or strain guages. Without any addition- 
al temperature-sensitive components, the output of the cir- 
cuit, which is in a form of a digital code, includes the tem- 
perature compensation. This technique is applicable to all 
full-bridge resistive sensors. 

The equivalent resistance of the full-bridge pressure sen- 
sor depends on the temperature and, for a first approxima- 
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We put crystals and oscillators in a 
whole new light. See EEM 1993/94 for 
technical details. Or call 714-433-1200. 


ECLIPTEK 


ee CORPORMTION 


The Crystal and Oscillator Specialists 
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tion, is independent of the pressure. If you apply a constant 


voltage to the bridge, the current will be inversely propor- 
tional to the bridge’s resistance, and the current’s sign will 
be the inverse of the temperature effect in comparison with 
the bridge’s resistance. The op amp will produce an output 
voltage proportional to the full bridge current and the resis- 
tance of R,.,. The circuit applies this voltage, which includes 
the temperature effect, to the reference pin of the ADC and 
applies the sensor’s output to the ADC’s differential input. — 

Most solid-state pressure sensors have negative tempera- _ 


ture coefficient of span (TCS) and positive temperature coef- __ 
ficient of resistance (TCR). The absolute values of TCS and — 


TCR are very close to each other. For example, the SLP004D _ 
from SenSym Inc (Sunnyvale, CA) has typical values of TCS 

equal to ~2400 ppm/°C and TCR of +2300 ppm/°C. The MPX-- 
50, -100, and -200 pressure sensors from Motorola (Phoenix, 
AZ) have typical values of TCS equal to -0. 19%/°C and TCR | 


of +0.24%/°C. So, the output voltage of IC, will have negative 
temperature coefficient very close to the TCS ofthe sensor. 


The ADC provides the perfect opportunity to output, in 
the form of a digital code, a precise ratio of two analog sig- _ 
nals applied to the ADC’s input and reference pins. So, the 
analog-to-digital conversion reduces the total TCS of the 


transducer to approximately the algebraic sum ofTCSsTCR. 


The inverting input of the op amp connects to ground, so 
the sensor will operate exactly as if it were really grounded 


except for the error introduced by the input offset voltage _ : 


and current of the op amp. In most modern op amps, this | 
error is negligible when you compare it to the commonly 5or | 
10V V,., applied to sensor. Note that the TCR of R,,, also 


affects the total TCS. For better compensation, itis possible __ 
to use a feedback resistor with small TCR approximately _ 


equal to TCS+TCR and locate the resistor as close to the s sen- 
sor as possible. : 

Although this circuit uses an ADC from National Semi- 
conductor’s (Santa Clara, CA) ADC0801 to ADC0805 family, 
many others will also work. For single-ended ADCs, you can 
add any differential amplifier, such as Analog Devices’ 
(Wilmington, MA) AD620. Many op amps will also work with 


this technique, and the choice of both ADC and opamp 


depends on the required accuracy. EDN 
EDN BBS /DI_SIG #1363 


To Vote For This Design, Circle No. 379 


ADC0804 


ee 


ee SENSOR 


Fig 1—Applying a voltage proportional to a sensor’s current, which 
includes temperature effects to the reference input of an ADC, pro- 
duces a temperature-compensated digital output. 


henoaa 
Raceeeee: 


Haas 


Satay 
a 
Bi 


dnota guestion of Uf. In fact, our only question is “Why 


4a matter of when. not?” Epson’s OMD-5010 rewritable 


magneto-optical drive features a 


OW. rotational speed of 3,600 RPM for 


fast data transfer (768 KB/sec), an 


Jd not a question of why. 


4 a matter of who. advanced split-head design and 


internal dust filters for increased 


Epson. reliability (30,000 hour MTBF) and 


4 nota guestion of what. a 128MB storage capacity-all in a 


Tts a matter of how. half-height, 3.5-inch format. 


Optical Why not call us today for more 
@ 
information? 


Epson America, Inc., OEM Division 

20770 Madrona Avenue, Torrance, CA 90503 

Phone: (310) 787-6300 Fax: (310) 782-5350 
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Microsoft Windows 3.X based user interface Space Har ipointann cle 


EMUL300. NohauCorp. 


On-line help 


: Registers 


SEGEESF B:)2543 0012 MOVE .L D3,($12,A2) 
Di bl QEG8G5F4: 5282 ADDQ.L #$14,D2 
OGBBH5F6: 7082 MOVEQ.L #$2,08 
ISaseey) ref, OG080S5F8: BE82 CHP.L D2,D9 
in-line OGOBGSFA: 6EF2 BET .B $5ee 
4OD7 O41C MOVEM.L (7) ,A2/D4-D2 
assembler Q9688686: 4ESE UNLK AG 
: 98688662: 4E75 RTS 
Window 86088684: 4ES6FFF4 isalpha: LINK.W AG, HSFFFAS 


88080698: 48D7668C MOUEM.L D3-D2,(A7) : Kathy 0 56 #26 1 
60800690: 142E 8908 MOVE .B ($B,A6),D2 op: fe ito Ka n (eae Source 


89668616: 60920841 CHPI.B #$41,D2 tae oi Bae epeor. . 
99680614: 6096 BLT.B $61¢ oe 0 ea Window 
996889616: 6C62605A CMPI.B #$5a,D2 
Shadow RAM |eosses1a: oF OC BLE.B $628 
shows data {I Registers RAALE 
BS. 13 : 
changes in real- | S80878RE= “Fan 


time. This data 
can be trans- 


ported to other 


Windows — |imeuuet: tot ERIS RSet error oa — . ae 
programs Gils a 8 tk indow 


through DDE. 
Watch Window 
for High Level 


| variables 
Register 


Window 


Trace Buffer Window C Call Stack 


Call for FREE demo disk. 


To learn more, please call (408) 866-1820 for a FREE 
Demo Disk. Or call our 24-hour Information Center at 
(408) 378-2912 for information via your fax. 

Campbell, CA 95008 


Tel (408) 866-1820 


CORPORATION ss fax (408) 378-7869 


51 E. Campbell Avenue 


Australia (02) 654 1873, Austria 0277 20-0, Benelux (01858) 16133, Brazil (011)-458-8755, Canada 1-514 
689-5889, Czechoslovakia 0202-2683, Denmark 43 44 60 10, Finland 90-4526-21, France (1) 69 41 
28 01, Germany 08131-25083, Great Britain 0962-733140, Greece’ (01) 862 9901, Hungary (1) 163 7461, 
India (0212) 422164, Israel (03) 491202, Italy (011) 771 00 10, Korea (032) 860-5470, New Zealand 
09-3092464, Norway 02-67 40 20, Portugal 01-80 95 18, Romania 961-30078, Singapore +65 749-0870, 
Slovenia 061-445-526, S. Africa (021) 23-4943, Spain (93) 217 23 40, Sweden 040-92 24 25, Switzerland 
01-740 41 05, Taiwan 02 7640215, Thailand (02) 281-9596. 
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Forth cross-compiler works on 
68HC16. The chipFORTH interactive 
cross-compiler is available for Motorola 
68HC16-based projects. The device lets 
you develop code on a PC and use the 
chip’s background-debug mode to 
debug the program. It includes a multi- 
tasking executive and development 
environment for the PC. The device 
also comes with the Motorola 
M68HC16Z1EVB evaluation board. 
$2495. Forth Inc, Manhattan Beach, 
CA. (310) 372-8493. Circle No. 360 


EMBEDDED SYSTEMS 


FREE INFO, FREE POSTAGE 


Use our postage-paid reader-service 


cards to get more information on 
any of these products. 


Enhance debugging on Analog 
Devices’ EZ-LAB. The LAB+ debug- 
ger connects to the ROM sockets of 
Analog Devices’ EZ-LAB or the ADSP- 
2101. It lets you download code, view 
and modify registers and memory, sin- 
gle step, set breakpoints, and run the 


applications. It connects to EZ-LAB 
via a 60-pin connector and frees up both 
serial ports on the ADSP-2101. It is 
compatible with Analog Devices’ devel- 
opment tools. $295. Hollis Electronics 
Co, Amherst, NH. (603) 598-4640. 
Circle No. 361 


SBC includes video interface and 
iSBX ports. The 20-MHz 80C186EB 
single-board computer (SBC) fits onto a 
9X12-in. board. The device includes a 
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video interface, two RS-232C/422/485 
ports, four iSBX ports, a parallel port, 
and other I/O subsystems. It also 
includes a PCMCIA slot and an optional 
touchscreen. $795. PDI Corp, Annapo- 
lis, MD. (410) 224-2130. Circle No. 362 


C3X emulator uses scan-path inter- 
face. The Tiger TEM31 C3X emulator 
runs on a PC and connects to the scan- 
path port on Texas Instruments’ TMS- 
320C3X DSP chips. A 12-pin connector 


EMBEDDED SYSTEMS 


connects the emulator to the target. The 
hardware on the DSP chips allow you to 
control the processor and view and modi- 


Where size is critical, Piher’s carbon or cermet mini control potentiome- 


ters offer high reliability at a price which matches their size. They have a 


wide variety of applications, but are particularly suited to portable or 


hand held equipment where space is at a premium. Their 10 mm or 13 


mm diameters and plastic bushings make these controls ideal for panel 


mounting. 


Piher International. 
Toll Free 800-323-6693 
In Illinois 708-390-6680 


903 Feehanville Drive * Mt. Prospect, IL 60056 


Both series are available in long life versions with shaft styles to match the user’s 
specifications. For more detailed information, contact 


INTERNATIONAL CORP. 
A Nita oa ie Co. 


CIRCLE NO. 9 


fy memory or internal registers. The 
emulator also comes with a C source-level 
debugger. $3995. DSP Research Inc, Sun- 
nyvale, CA. (408) 773-1042. Circle No. 363 


RTOS gives more power to the Pow- 
erPC. The OS-9000 real-time operating 
system (RTOS) operates on the PowerPC 
4xx and 6xx RISC processors. It uses the 
Atomic OS-9000 kernel and includes the 
Tool Kit and FasTrak development tools. 
The company has scheduled beta ver- 
sions for the second quarter of this year. 
An OS-9000 Developer’s Pak costs 
$10,000. Microware Systems Corp, Des 
Moines, IA. (515) 224-1929. Circle No. 364 


ICE for 6800/2/9 and 68HClI1 
runs on PC. The ET-iC6800 is a PC- 
based in-circuit emulator (ICE) that 
supports the 6800/2/9 .P family and the 
68HC11 wC. It provides real-time emu- 
lation at speeds up to 4 MHz. The 
device comes with 64 kbytes of overlay 
RAM, 64 kbytes of breakpoint RAM, a 
source-level debugger, and a develop- 
ment environment. $2715. Emulation 
Technology Inc, Santa Clara, CA. (408) 
982-0660. Circle No. 365 


68306 ICE implements dual-proces- 
sor pod. The HMI-200 in-circuit emu- 
lator (ICE) for the Motorola 68306 wP 
operates at up to 16 MHz. It has four 
complex breakpoints, two 4kx80-bit 
trace buffers, and 256 kbytes to 4 
Mbytes of overlay RAM. The pod con- 
tains two 68306 Ps to allow a more com- 
plete view into the program flow. The 
device also includes the SourceGate II 
source-level debugger. $11,000. Hunts- 
ville Microsystems Inc, Huntsville, 
AL. (205) 881-6005. Circle No. 366 


works includes source-code manage- 
ment, a Make utility, an upgraded 
version of the Xray debugger, and a 
graphical program analyzer. Prices 
start at $8300. Microtec . 


Inc, (408) 980-1300. Gi 


within COSSAP. Cadis Software 
Ltd, (415) 615-7789. Circle No. 368 


ner Pro 


= Create and a 
= Compute wors 


“» visualize timing rela 
= communi 


Hill Rd 


CHRONOLOGY. — Chrofiology Corporation 174i 


If You Think High Performance FPGAs 
Cost Too Much... 


Presentations use or include the most recent PREP PLD Benchmark data 
which was measured according to Benchmark Suite #1, Version 1.2, dated 3/28/93. 


Any analysis is not endorsed by PREP. 
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Think Again. Think Actel. 
High Performance FPGAs 
Without The High Price. 


Get a load of this... 
Actel's A1240A devices can save you 50% 
over other leading FPGAs and EPROM-based 
PLDs at equivalent densities and performance. 
With millions of parts shipped, it is little won- 
der that Actel’s popularity has helped us 
reduce our prices to a third of what they were 
only two years ago. That means, you can get 
the high performance you need at a price you 
can afford. 

Think Performance and 
Predictability 
Based on the 1993 PREP benchmarks, Actel’s 
ACT 2 devices offer an exceptional price/per- 
formance value. For example, there’s the 
A1240A-2, the fastest ACT 2 family member. 
It can implement a 16-bit accumulator at 36 
MHz, a 16-bit counter at 58 MHz, and a 16-bit 
pre-scaled counter at 95 MHz. 


ACT 2 1s not only fast, but predictably fast, 


Actel Xilinx Ewe with no 


For the best riepertomance a 4000 anes Se omUrEn TT Suge 10% 
variance from fastest to slowest instance 
according to the PREP benchmarks. Actel’s 
segmented interconnect architecture and 
PLICE antifuse technology deliver perfor- 
mance you can count on. 


standard PLD tools like ABEL for state 
machine design or industry standard CAE 
tools from 
Mentor 
Graphics, fs : — 
Cadence, — 2500 ae paar, we 12 as 
OrCAD and Viewlogic— to name a few. To 
complete your design, our Designer” Series 
development tools start at $995 and feature 
fully automatic place and route with guaran- 
teed high gate utilization. 

Think Service and Support 
You get all this, plus extensive service and 
support. Actel’s technical HOTLINE and our 
Action FACTS system provides you automatic 
access to technical documents, design tips and 
experienced engineering support to help you 
meet your time to market goals. 

So for high performance at a price you can - 
afford — Think Actel. For more information, 
call us at 1-800-228-3532 or send in the 


~ attached card today. You'll receive our new 


1994 full line databook and you can request 
your own copy of the 1993 PREP benchmarks. 
Also ask us about our 1200 gate FPGAs for 
under $10! 

Please call 1-800-228-3532 


Acta! 


Actel Corporation 955 E. Arques Avenue, Sunnyvale CA 94086 Actel Europe Ltd. Intec 2, Wade Road, Basingstoke, Hants RG24 ONE U.K. 
1, Average number of PREP instances, approximately 4000 gates or 20 PALCE22V10s. 2. PREP Derived Data-average internal operating frequency, in MHz. 
3. 100 piece POFP price quoted by authorized distributor, August/September 1993. 4. Typical Icc per device multiplied by number of devices. 

5. Based on 100 piece PLCC price quoted by authorized distributor, August/September 1993. ACT, PLICE, Designer, and the Actel logo are trademarks or 
registered trademarks of Actel Corporation. PREP is a trademark of the Programmable Electronics Performance Corporation. 

All other brand or product names are property of their respective holders. 


CIRCLE NO. 65 


EDN January 20, 1994 = 91 


POWER DESIGN 
JUST GOT EASIER. 


PT5600/5700 pene 


PT5100 


INTRODUCING POWER TRENDS’ NEW FAMILY OF 
INTEGRATED SWITCHING REGULATORS 


If you need on-board power regulation, we’ve just PT ay or 
made your life easier. Power Trends’ new family haan A 

of Integrated Switching Regulators builds on the 
success of our award winning 78/79 ISR series, offer- 
ing you a much wider choice of small, easy-to-use 
power modules to match your application. 


EASY T0 USE No time to design your own switching 
regulator? We've integrated all the essential compo- 
nents into a small, easy-to-use package that’s ready 
to plug in. 


SMALL FOOTPRINT Short on board space? Our 1MHz 
switching technology delivers the smallest footprint 
available. And our new single in-line package (SIP) 
offers excellent layout flexibility. 


INCREASED PERFORMANCE Need higher perfor- 


mance? Our new ISR family offers high efficiencies, 
accurate laser-trimmed output voltages, low ripple, 
and superior line and load regulation. 


INCREASED RELIABILITY No resources to test the For more information on the new Power Trends 


reliability of your regulator design? We have proven family of ISR’s, send for our catalog or call for a 
reliability, with over 1 million units in the field. free sample. 


POWER TRENDS: The Simple Solution 


1101 North Raddant Road, Batavia, IL 60510 
(708) 406-0900 ¢ Fax (708) 406-0901 
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Philips delivers one- “two $051 Per: 


Until now, the 8051 has not been a seri- 
ous contender in the low-end 8-bit 
microcontroller world. Although rank- 
ing number two in the 8-bit ~»C market, 
it lacked a $1 part for down-in-the-dirt 
applications. No more. Philips Semicon- 
ductors is introducing a stripped-down 
83C750 and its more expensive OTP 
(one-time-programmable) companion, 
the 87C750. A descendant of the popu- 
lar “skinny-DIP” 83C751, the new chip 
comes in at $1 each (50,000). 

The 83C750/83C750 integrates the 
8051 core processor with 64 bytes of 
RAM and 1 kbyte of ROM or OTP. 
Using assembly language and this part, 


S 
= 


ie PORTO; 
[DRIVERS es 
PORTO | txevte [ “PROGRAM |. 
LATCH 


. ROM/OTP es | ADDRESS Ki 
_ JS reaisten |‘ 


i. Es ACCUMULATOR aE 1 
; 7 | oo —— 
STATUS | 
- REGISTER | 


you can handle a range of low-end appli- 
cations. Even better, you can prototype 
and do initial product builds with the 
OTP part, and when the design is sta- 
ble, shift to lower cost ROM parts. 
Philips claims an 8-week cycle time for 
ROM-part delivery. 

Clock rates run from 3.5 to 40 MHz. 
It executes a basic instruction cycle in 
12 clock cycles. At 40 MHz, the CPU 
delivers 2- to 3-MIPS performance. 
Philips engineers trimmed back the 
standard 83C751 to get the cost- 
reduced controllers. For example, they 
reduced RAM and ROM and removed 
the serial I?C bus. The chip still has a 
16-bit counter with automatic reloading 
capabilities to minimize overhead. 

You can also get a low-cost, pseudo 
ICE (in-circuit emulator) to debug your 
code. As an introductory offer, Philips 
supplies a $97.50 development tool from 
Ciebo. This tool emulates the 83C- 
750/87C 750 wCs with clock rates up to 
40 MHz. Built around an 8052, the tool 
incorporates an in-memory monitor 


Philips 83€750/87C750 
8-bit .C | 


3.5- to 40-MHz clock 

1-kbyte ROM/OTP ee. : 
programmable) _ . 
64-byte RAM 

16-bit autoreloadable eounier. 

LED drive outputs 

19 I/O pins 

Two external interrupts 

16-byte encryption key, two security 
bits for OTP EPROM 

Idle and power-down modes 
Maximum input current: 22 mA at 15 
MHz, 55 mA at 40 MHz 

24-pin DIP, 28-pin PLCC 

ROM, $1; OTP ROM, $2 (50, ae 


[Temporary Hy 
REGISTER FU 


| TIMING 


REGISTRY | | 


_ TINTERRUPT, SERIAL | 
| PORT, AND TIMER | 
BLOCKS 


| ees 


The 83€750/83C750 combines an 8051 ipissaios with 64 a of RAM, | ves of ROM, 


and a 16-bit counter for low-end embed 


and a 64-kbyte trace buffer. It includes 
a source-code debugger for assembly, 
C, and PL/M languages. It also includes 
a 24-pin DIP emulation header and a 
programmer.—Ray Weiss 

Philips Semiconductors, Sunnyvale, 
CA. (800) 447-1500. Circle No. 369 


Module eases 
Pentium design-in 


Designing in a modern CPU chip such 
as the Pentium can be a tough chore, as 
faster clocks lead to tight timing and 
interface constraints. One way to mini- 
mize design time and eliminate poten- 
tial errors is to rely on a pro- 
cessor/cache module—a module that 
integrates a CPU with a cache con- 
troller and a secondary cache. Inte- 
grated Business Computers offers such 
a short cut for Pentium mother-board 


d applications. Clock rates reach 40 MHz. 


designers: PentiCache, a Pentium- 
based module. The module integrates 
the Pentium CPU with Intel’s 82496 
cache controller and 512 kbytes of zero- _ 
wait-state SRAM cache. 

With the PentiCache module, you get 
a Pentium subsystem complete with a 
second-level, write-through cache. The 
module supports multiprocessing, with 
multiple PentiCache modules sharing a 
system memory. The module defines a 
system-memory-controller bus with up 
to 128 bits of data and 16 bits of parity. 
The interface to the memory controller 
is through two 160-pin, impedance- 
matched (50Q), microstrip connectors. 
The interface can be asynchronous, 
synchronous, or strobed. A 10-pin head- 
er supplies JTAG access to the major- 
module components for onboard scan 
test. 

The module supplies data and 
address parity checks for both the CPU 
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ULTRA-MINIATURE 
Military 
DC-DC 

Converters 


up. to 50OVDC 
_ Output 


OPTIONS AVAILABLE per MIL-STD-883 
e Stabilization Bake ¢ Temperature Cycle 


e Hi Temperature Burn-in 160 Hours at Full Power 


peliverey wee \See EEM or send direct 
ck 10 0 for Free PICO Catalog. 
sto Call toll free 800-431-1064 
in NY call 914-699-5514 
FAX 914-699-5565 


P / CO Electronics, Inc. 


453 North MacQuesten Pkwy., Mt. Vernon, N.Y. 10552 
CIRCLE NO. 31 
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MICROPROCESSORS 


CACHE 
CYCLE- 
TERMINATION 


| (INTEL 82496) 
| SYNCHRONIZATION : 


HIGH-SPEED 
CLOCK | 
PENTIUM 


| GENERATION PE 
7 PROCESSOR 


_—1 CONTROLLER 


CACHE 
MEMORY 


(18 INTEL 82491s) 


1 SI2KBYTE 
ZERO-WAIT-STATE 
_ =PUAL-PORT 
| WRITE-BACK AND PARITY | 


The IBC ¢ PentiCache asians a 60- “/b6- -MHz Pentium CPU with a an + Intel vice entrar 
chip and 512 kbytes of 2-way set-associative cache. The modules support multiprocessing 


with a common system memory. 


and memory buses, as well as snoop- 
memory addresses. The second-level 
cache incorporates write-back with the 
MESI (Modified Exclusive Shared 
Invalid) cache protocol. The 2-way set- 
associative cache includes the MRU 
(most recently used) hit-prediction and 
replacement algorithm. Read and write 
cycles have zero wait states for MRU 
hits and a 1-wait-state read for a read 
hit on an MRU miss. The module also 
includes a GaAs-based frequency syn- 
thesizer and a circuit synthesizer that 
supplies the module and the mother- 
board system clocks.—Ray Weiss 
Integrated Business Computers, 
Chatsworth, CA. (818) 882-8358. 
Circle No. 370 


“IBC PentiCache module - 


@ To 100-MHz clock | _ 
60- to 66-MHz Intel Bantam 0 processor 
512-kbyte write-back cache with parity 
64- or 128-bit-wide nena aay 
bus with synch/asynch/strobed _ 
protocol 
Intel 82496 cache-controller ee 
2-way set-associative cache wey 32. 
64-, and 128-bit line sizes 
Zero-wait-state write hit cycles 
Concurrent CPU- and memory- ous 
cycles 
Supports JTAG test for all major- 
module chips 
MESI multiprocessor cache protocol 
5.29.6-in., 8-layer pc board 
Prices vary ‘based on Intel chip prices 


Book details 
Pentium architecture 


Trying to learn a uP architecture from 
a vendor’s data book is generally an 
exercise in patience and pain. If you 
want to know more about the Pentium, 
however, there is a better way. Read 
The Pentium Processor System Archi- 
tecture by Don Anderson and Tom 
Shanley. The 306-pg book presents a 
clear, concise, and well-written picture 
of the Intel Pentium architecture. 

The book details the processor’s 
implementation, helping you to under- 
stand the basic workings of the CPU, 
including the prefetcher, the two inte- 
ger pipelines, and the floating-point 
unit. It also clarifies the intricacies of 
the caching mechanisms and memory- 
bus cycles. The authors describe the 
operations of multiple CPUs with sec- 
ondary caches and the MESI (Modified 
Exclusive Shared Invalid) cache proto- 
col. The book also includes several dia- 
grams that supplement the text and 
make it easy to follow the descriptions 
and memory sequences. 

The $29.95 publication is part of a 5- 
book series on PC architectures. The 
series also includes books on the ISA, 
EISA, 80486, and PCI architectures. 

—Ray Weiss 

Computer Literacy Bookshops Inc, San 

Jose, CA. (408) 435-1823. Circle No. 371 


OKI 3V, 5V, AND 3V/5V ASICS 
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Introducing a fleet of high-speed, 0.5um 
or 0.8um, three-layer metal ASICs 
designed to meet a range of voltage 
needs. Our ultra high- 
density 0.5um MSMIOR Sea of Gates 
offers over half a million gates for 
low-power portable and workstation 


applications. For mixed 3V/5V applica- 
tions, choose our MSM33S 0.8um SOGs. 


MSMIOR 


MSM335 


MSM925 


Need cell-based macrocell technology at 
3 or 5 Volts? Try our 0.8um MSM92S. 

OKI offers clock tree 
macrocells with < 0.5 ns clock skew and 
99% fault coverage using scan-path design 
for ATVG. For product information and 
OKI’s Clock Skew and Scan-Path Applica- 


tion Notes, call and ask for 


Pke 085. 


supply voltage 
2 IP NAND FO=2, 0 mm 
Usable density 
Mixed supply voliage 
Usable density 


Supply voltage 
High-density macrocells 


27-367 
110 os @ 3.3 ¥ 
Up to 541k gates 


27-55 7 
ROMs, single- and 
dual-port RAMS 


OKI 
Semiconductor 


785 North Mary Avenue 
Sunnyvale, CA 94086-2909 
Phone: 408-720-1900 

Fax: 408-720-1918 


People-to-People Technology 
CIRCLE NO. 93 
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VHDL engine speeds simulation 


One way to crank out higher VHDL 
(VHSIC Hardware Description Lan- 
guage) simulation speeds is to design a 
simulator that compiles directly into 
the computer’s native code. Although 
the native-code-compiler approach is 
effective, it’s just another version of the 
old method of hot-rodding software: If 
it doesn’t run fast enough in a high-level 
language, write it in assembly lan- 
guage. The attendant problem is that 
every new workstation presents a seri- 
ous porting challenge; native-code-sim- 
ulator companies are effectively in the 
compiler business. 

Vantage takes a different approach in 
its SpeedWave VHDL simulation en- 
gine, while maintaining the portability 
benefits of compiling the VHDL into C 
code. Instead of speeding the execution 


of sequential code, which is the prima- 
ry benefit of a native-code compiler, 
Vantage works on the simulation-model 
part of the problem. 

VHDL uses a complete and complex 
signal representation. However, much of 
the user-written code makes only simple 
demands on the VHDL models. Using 
what the company calls Bi-Level Adap- 
tive Signal Trees (BLAST), the software 
creates a 2-level signal representation. 
The representations are classified as 
compact or complete. The compiler 
chooses the appropriate model for use in 
the simulation. The compact model not 
only saves memory, but processes faster 
and lets the compiler use a variety of 
optimization techniques not possible 
with the complete signal representation. 

Users of the current Vantage VHDL 


simulator need to do nothing different 
to take advantage of the speed improve- 
ments. Other than Speed Wave’s faster 
simulation, which the company claims 
is up to 2X faster than other VHDL 
simulators, the change is transparent. 
The simulation results are VHDL-1076 
compliant and 100% compatible with 
the current Vantage VHDL simulation 
engine. The company has a suite of 
more than 10,000 test programs, which 
are accumulated both internally and 
from customers verifying the results of 
the new simulator. 

SpeedWave is free to all Vantage- 
Spreadsheet customers covered under 
maintenance agreements. Prices start 
at $30,000.—Doug Conner 

Vantage Analysis Systems, Fremont, 
CA. (510) 659-0901. Circle No. 459 


VHDL compiler implements ver- 
sion 1992/B. The Leda VHDL 0.3 
System (LDS) compilation environ- 
ment lets users analyze VHDL models. 
The system allows users to store and 
access models in a binary data format 
via an ANSI-C language procedural 
interface. The system includes a 
schema compiler, a browser, library 
management, and a switch between 
1987 and 1992 VHDL versions. The sys- 
tem runs on a Spare or RS6000 plat- 
form. $1000 (runtime licence), $30,000 
(development license). LEDA, Meylan, 
France. 7641-9243. Circle No. 460 


Test-synthesis tool supports inte- 
gration of ASIC- and pc-board-level 
test. The Test Assistant test-synthesis 
tool provides automatic generation of 
Boundary Scan Description Language 
(BSDL) descriptions. The tool automati- 
cally generates the appropriate bound- 
ary-scan control pattern with the inter- 
nal-scan test patterns to create a 
complete, unified test-pattern set for 
test-program generation. Test Assistant 
starts at $40,000 and is available now. 
Compass Design Automation, San 
Jose, CA. (408) 433-4880. Circle No. 461 


Software links Verilog designs to 
IMS testers. Integrated Measurement 
Systems (IMS) and its parent company, 
Cadence, offer software tools to smooth 
the transition between design and test. 
IMSLink lets you transfer simulation 
patterns directly from a Verilog simu- 
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lation environment into an IMS XL or 
an ATS test station. The software also 
lets you set up test vector files without 
accessing a test station. Cadence’s Sim- 
ulation Test Language (STL) is a stim- 
ulus-generation tool that lets you spec- 
ify pin timing in a tester-compatible 
manner. Using STL during design ver- 
ification ensures that the resulting test 
patterns are compatible with the tester. 
Alternately, you can use STL to find 
and correct timing-compatibility prob- 
lems before transferring your patterns 
to a tester. IMSLink costs $15,000 and 
will be available in the first quarter of 
1994. STL is available immediately and 
costs $5000. Integrated Measurement 
Systems Inc, Beaverton, OR. (503) 626- 
7117. Circle No. 462 
Cadence Design Systems Inc, San 
Jose, CA. (408) 943-1234. Circle No. 463 


Create multilayer pc-board proto- 
types. The Multi-Proto software pack- 
age lets you create multilayer pe boards 
using IBC, T-Tech, and LPKF en- 
gravers. The system uses etching to cre- 
ate pc boards with as many as eight lay- 
ers and uses the engravers for 
through-hole drilling and routing the 
board outline. Multi-Proto costs $29,995. 
Direct Imaging Inc, West Lebanon, 
NH. (603) 298-8383. Circle No. 464 


Spice library for RF devices offers 
more than 300 models. Version 3.0 of 
the RF-device library includes models 
for more than 100 BJTs, MMICs, and 


OO, 


GaAs MOSFETs supplied by Hewlett- 
Packard and more than 95 models for 
BJTs supplied by Philips. The library 
contains more than 300 models, including 
PIN diodes and can be used with any 
Berkeley Spice-compatible simulator. 
The device library costs $150. Updates 
from version 2.0 cost $50. Intusoft, San 
Pedro, CA. (810) 833-0710. Circle No. 465 


Module supports IEEE WAVES stan- 
dard. The Out-Converter module sup- 
ports the Waveform and Vector 
Exchange Specification (WAVES) 
IEEE Standard 1029.1-1991, which is 
the standard for VHDL-simulation 
stimulus and expected data response. 
The module lets you use the company’s 
Test Development Series (TDS) soft- 
ware with WAVES and VHDL. The 
WAVES Out-Converter is available now 
and costs $10,000. TSSI, Beaverton, 
OR. (508) 643-9281. Circle No. 466 


AutoCAD for Windows provides 
2-D drawing capabilities. The 
AutoSketch (Release 2) 2-D drawing 
program for Windows provides draw- 
ing files that are upwardly compatible 
with AutoCAD. AutoCAD LT for Win- 
dows offers extensive 2-D drawing 
capability plus the ability to extrude 2- 
D drawings into 3-D and to modify 3-D 
drawings from AutoCAD. The software 
uses the same file format as AutoCAD. 
AutoSketch, $299; AutoCAD LT, $495. 
Autodesk Inc, Sausalito, CA. (415) 322- 
2344. Circle No. 467 
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VME Microsystems 
International Corporation 
1-800-322-3616 


VMEbus I/O SOLUTIONS 


We're whistling your tune. With over 100 products, VMIC offers the most extensive, 
hard working I/O product line in the industry. Our product line includes Universal |/O 
Controllers, Digital, Analog and Synchro/Resolver with hundreds of off-the-shelf 
options and two year warranty. Call VMIC today and it’s off to work we go! 


12090 S. Memorial Parkway * Huntsville, AL 35803-3308 * (205) 880-0444 * FAX (205) 882-0859 
VMIC products are internationally represented by distributors throughout the world. Call or fax VMIC for complete information. 
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Now that EEsof has merged 
with HP’s high-frequency 
design software operation, 
you're probably wondering 
what’s going to happen to your 
software investment. 


Plan on getting the most from it. 


Right from the start, HP-EEsof 
will support and enhance both 
the MDS and the Series IV pro- 
duct families. So the software 
you're using today will evolve 
with your changing needs. 


In the future, we plan to 
combine the best technology 
from each set of tools, without 
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sacrificing key features. Your 
design databases and software 
customizations will be migrat- 
ed forward. And simulators, 
models, and libraries will be 
retained. All within a design 
environment that’s easy to 
learn and use. 


Of course, whether you've 
been using HP or EEsof soft- 
ware, youll benefit from our 
combined R&D resources, 
industry knowledge, and global 
sales and applications support. 
In fact, you'll have a broader 
selection of high-frequency 


CIRCLE NO. 78 


design capabilities to choose 
from than ever before. 


So, plan on getting the most 
from your software investment. 
Call 1-800-343-3763. And we'll 
mail you more information 
about HP-EEsof solutions for 
high-frequency CAE. 
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Power-factor correctors need few external components 


In the next few years, US and Euro- 
pean regulatory agencies will mandate 
that a broad range of products incorpo- 
rate power-factor correction. The 
LT1248 and LT1249 power-factor con- 
trollers provide this correction for uni- 
versal off-line power systems with very 
few external parts. For a wide range of 
loading conditions, the ICs achieve a 
power factor of over 0.99. 

The ICs use fixed, high-frequency, 
PWM current averaging and require no 
slope compensation. The advantage of 
this approach is that the ICs achieve 
lower line-current distortion and can 
use lower-cost switches and magnetics 
than ICs or systems that rely on either 


Regulators suit battery-powered 
applications. The REG1117-3, 3.3, 
and 5 are 3, 3.3, and 5V low-dropout 
voltage regulators that provide 800 mA 
of output current. A drop-in alternative 
to the LT1117, the devices operate 
down to 1V input-to-output differen- 
tial, with a 1.2V max dropout voltage. 
On-chip trimming adjusts the refer- 
ence/output voltage to within 1%. A 
trimmed current limit minimizes 
stress on the regulator and power- 
source circuitry under load conditions. 
Prices start at $1.85 (1000). Burr- 
Brown Corp, Tucson, AZ. (800) 548- 
6128. Circle No. 381 


IGBT features 1700V rating. The 
MGxxxVxxx40 and xxx4l1 series 
IGBTs range in current from 30 to 
360A and feature switching speeds of 
0.4 psec. The devices feature a non- 
punch-through structure, which allows 
for 1700V blocking capability with 
square reverse-bias safe operating area 
and a better V cugar-to- fall-time trade- 
off. The 180 and 360A packages for the 
higher-current devices reduce the 
inductance by 50%. The dual, 30A 
MG30V2YS40 module costs $59.24 (one 
to 99). Toshiba America Electronic 
Components Inc, Irvine, CA. (714) 
455-2000. Circle No. 382 


Input controller mimics multiple 
keystrokes. The Pilot EZ1000 input 
controller sends the equivalent of eight 
keystrokes to a DOS- or Windows- 
based computer for each transition of 
eight control switches. Intended for 
game controllers, the user-programma- 


peak-current detection or zero-current 
switching. 

To maintain low line-current distor- 
tion and high system stability with 
fewer external parts, the controllers 
use a multiplier that has a square gain 
function from the voltage amplifier and 
reduces the ac gain at light output 
loads. A low bias voltage at the multi- 
plier’s current input minimizes line- 
current dead zone. 

The devices’ numerous protection 
features include peak-current limiting 
and instantaneous overvoltage protec- 
tion. The LT1248 can operate at fre- 
quencies as high as 300 kHz. The 
LT1249’s switching frequency is fixed 


FREE INFO, FREE POSTAGE 


Use our postage-paid reader-service 
cards to get more information on 
any of these products. 


ble device attaches to a 98C46 EE- 
PROM and a PC game port. $14.56 
(100,000). Rosetta Technology, West 
Vancouver, BC, Canada. (604) 925-0820. 

Circle No. 383 


Video multiplexer integrates cur- 
rent-feedback amp. The LT1204 4- 
input IC drives 150Q cables and oper- 
ates on +5 to +15V supplies. This 
multiplexer/amplifier provides channel 
separation and disable isolation >90 dB 
at 10 MHz. For large routing systems, 
you can parallel several LT1204s by 
shorting their outputs together to 
expand the number of inputs. The 
device features a —3-dB bandwidth of 75 
MHz, gain flatness of 0.1 dB to 30 MHz, 
a 1000-V/usec slew rate, and differen- 
tial gain and phase of 0.04% and 0.06°, 
respectively. In 16-pin packages, prices 
for DIP and SOIC versions cost $4.78 
and $5.20 (1000), respectively. Linear 
Technology Corp, Milpitas, CA. (408) 
432-1900. Circle No. 384 


MA. (617) 987-1428. 


at 100 kHz, but this IC comes in 8-pin 
DIPs ($3.19) and SOICs ($3.44); the 
LT1248 comes in 16-pin DIPs ($3.58) 
and SOICs ($3.76) (1000). 

Typical startup supply current is 250 
wA; quiescent current is 9 mA. The 
devices include 1.5A peak-current gate 
drivers, which have a typical rise and 
fall time of 25 nsec. You can also syn- 
chronize the devices to an external sig- 
nal frequency. The devices work with 
ac voltages from 90 to 270 and include 
line noise filters.—Anne Watson Swager 

Linear Technology Corp, Milpitas, 
CA. (408) 432-1900. Circle No. 380 


Analog multiplexers extend signal 
range. Four rail-to-rail multiplexer 
ICs handle signal levels out to the volt- 
age-supply rails. The ADG4XX devices 
operate from +15 or single 5 to 12V and 
guarantee maximum 150-nsec break- 
before-make switching, 1.6-mW power 
consumption, typical 1000 R,,, and 5- 
pC charge injection. The 408 and 428— 
which start at $3.50 (100)—switch 
between single-ended channels that you — 
address using a 38-bit binary code. The 
409 and 429—which start at $3.15 
(1000)—feature four differential input 
channels for noisy environments. The 
multiplexers guarantee operation in 
plastic packages over the extended 
industrial temperature range of -40 to 
+85°C. Analog Devices, Wilmington, 
Circle No. 385 


Single-chip video codec handles 
multiple algorithms. The video con- 
troller processor (VCP) handles image 
compression and decompression, audio/ 
video data demultiplexing, and image 
preprocessing and postprocessing. The 
image-processing functions include 
scaling, conversion between resolution 
formats, and picture-in-picture sup- 
port. The programmable device handles 
JPEG, MPEG, and H.261 compression 
algorithms at clock rates to 66 MHz. 
$140 to $400 (1000), depending on speed 
grade. Integrated Information Tech- 
nology, Santa Clara, CA. (408) 727- 
1885. Circle No. 386 


Analog switches improve Roy 
matching. The MAX301, 303, and 305 
dual, precision ICs feature an on resis- 
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tance of 35 that remains flat to within 
+3Q over the analog-signal range. The 
on resistances in each device match to 
within +2. The switches feature leak- 
ages of <250 pA at 25°C and <6 nA at 
85°C. Turn-on and -off times are <150 
and 100 nsec, respectively. The switch- 
es can operate with a 10 to 380V supply 
or with dual supplies of +4.5 to +15V. In 
20-pin PLCCs, 16-pin DIPs, and narrow 
SO packages, prices start at $1.23 for 
the 301 and $2.57 for the 303 and 305 
(1000). Maxim Integrated Products, 
Sunnyvale, CA. (408) 737-7600, ext 
6087. Circle No. 387 


Graphics accelerator has 1280 
1024 24-bit resolution. The North- 
Star VRAM-based graphics accelera- 
tor provides 1280x1024 X24-bit/pixel 
noninterlaced resolution. The 64-bit 
chip provides 16-, 24-, and 32-bit color 
modes, which allow photorealistic dis- 
plays. The CL-GD5452 has an integrat- 
ed dual-clock synthesizer that produces 
the pixel clock, which is programmable 
to 185 MHz. A memory clock is pro- 
grammable to 60 MHz. A 32-bit direct- 
connect host bus connects to a PCI or 
VL local bus. A companion CL-GD5453 
IC is a 185-MHz, 24-bit, dedicated, 
paletted DAC. Chip set, $65 (1000). Cir- 
rus Logic Inc, Fremont, CA. (510) 623 
8300. Circle No. 388 


Core logic gives Pentium multipro- 
cessing capablities. The Hydra chip 
set for the Pentium »P supports the 
symmetrical multiprocessing features 
of Windows NT and Unix. Four chips 
integrate as many as four CPUs onto 
the 64-bit-wide multiprocessor-inter- 
connect (MPI) bus. The chips comprise 
a CPU controller, a bus controller, and 
two memory-interface chips. The 
HT354 CPU controller provides the 
gateway between the Pentium proces- 
sor and the MPI bus and provides sec- 
ondary cache control. The HT352 bus- 
control unit bridges the MPI bus to a 
local peripheral-component-intercon- 
nect (PCI) bus. The HT355 ECC and 
data-pipeline chip provide error correc- 
tion for the memory subsystem. HT354, 
$265; HT352, $190; HT355, $65. LSI 
Logic Corp, Milpitas, CA. (408) 433- 
8000. Circle No. 389 


Serial EEPROMs have 32-kbit 
capacity. The 24C32 and 24LC32 ser- 
ial EEPROMs have 32-kbit capacity 
without having to cascade devices. The 
device exceeds the requirements of the 
[°C specification, a 2-wire bus defining 
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16 kbits as the maximum serial address 
space. It extends the I* bus protocol 
from 1 byte to 2 bytes and implements 
functional address-select lines. 5V 
24C32, $3.11: 2.5V 24,632 $3.49. 
Microchip Technology Inc, Chandler, 
AZ. (602) 786-7200. 


Circle No. 390 
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Clock-driver chip employs PLL. The 
IDT54/74FCT88915 clock-driver chip 
uses a CMOS phase-locked loop (PLL) 
to provide a zero delay between clock 
generation and distribution. The output 
skew is specified as 500 psec, and the 
device is pin-, form-, and function com- 
patible with Motorola’s 88915 clock-dri- 
ver IC. The chip produces eight outputs 
at a maximum frequency of 1383 MHz. 
You can use any of the outputs as a feed- 
back reference for the PLL. A refer- 
ence-select pin controls a two-to-one 
input multipexer to select either of two 
synchronous sources. A frequency- 
select pin provides additional divide- 
by-two control of the output frequency. 
$9 (1000). Integrated Device Technol- 
ogy Inc, Santa Clara, CA. (800) 345- 
7015. Circle No. 391 


Error-correction IC encodes and 
decodes HDTV signals. The AHA 
4011 codec provides Reed-Solomon for- 
ward error correction for high-speed 
digital data streams. The chip provides 
on-the-fly correction at a continuous 
data-transfer rate of 10 Mbytes/sec for 
block lengths of 54 to 177 bytes and a 
clock rate of 40 MHz. A burst-mode 
operation corrects all block lengths at 40 
Mbytes/sec. The device can also operate 
in pass-through mode. $30 (1000). 
Advanced Hardware Architectures, 
Moscow, ID. (208) 883-8000. Circle No. 392 


NAND flash memory provides 16 
Mbits of storage. The KM29N16000T 
flash-memory device uses NAND gates 
instead of the traditional NOR gates, 
providing more memory density than 
the traditional configuration. Other 
feaures include 5V operation, 1 million 
endurance cycles, 15-wsee random- 
access read time, 80-nsec sequential 
page-access time, 300-usec automatic 
page-program time, 6-msec automatic 
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block-erase time, and 10-year data 
retention. $98 (100). Samsung Semi- 
conductor Inc, San Jose, CA. (408) 954- 
7274, Circle No. 393 


Flash memory fits in BIOS EPROM 
socket. The DiskOnChip nonvolatile 
flash-memory chip offers as much as 16 
Mbits of storage that fits into a stan- 
dard PC BIOS socket. Using the chip in 
handheld computers provides a 
bootable storage device that extends 
battery life. The device uses the 
embedded flash-file system to emulate 
the organization and management of a 
standard generic read/write disk 
device. The chip has a data-transfer 
rate of 50 Mbps and operates from 5V. 
1-Mbit version, $99 (100). Eurom, Fre- 
mont, CA. (510) 505-9083. Circle No. 394 


Comparators resolve 2-mV sig- 
nals without oscillating. The MAX- 
915/916 single/dual TTL-compatible, 
edge-triggered comparators have a 
master/slave architecture that enables 
them to resolve small input voltages 
over the common-mode range. The ICs’ 
propagation delay is 6 nsec, and the 
delay is insensitive to input overdrive, 
whether the overdrive is 3 mV or 1V. 
Because the input common-mode range 
extends to the negative supply rail, the 
ICs suit 5V ground-sensing applica- 
tions. The ICs operate from either a 
dual +5V or a single 5 to 10V supply. 
Each comparator consumes 70 mW. 
1000-piece prices start at $2.55 for the 
915 and $3.90 for the 916. Maxim Inte- 
grated Products, Sunnyvale, CA. (408) 
737-7600, ext 6087. Circle No. 395 


MOSFET keeps low profile. The 
MIC94001BLM p-channel MOSFET has 
a low 8-pin height of 0.063 in. The 0.006- 
in. difference from similar p-channel 
devices allows this device to fit the low- 
overhead section of PCMCIA hard-disk- 
drive designs. The MOSFET features a 
maximum on resistance of 0.400 and 
operates with gate-threshold voltages as 
low as 0.8V. Rated for the extended 
industrial-temperature range of —40 to 
+125°C, the device costs $1.05 (1000). 
Micrel Semiconductor Inc, San Jose, 
CA. (408) 944-0800. Circle No. 396 


3.3V SRAM has 70-nsec .access 
time. The 256-kbit HM62W256 SRAM 
operates from 3.3V and provides a 70- 
nsec access time. The CMOS device 
acts as cache or buffer memory in hard- 
disk drives and portable battery-pow- 
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UR NOTEBOOK POWER SUPPLY 


Power controllers use Idle Mode™ architecture, which is more than 
30dB quieter than Burst Mode™ in the critical audio and IF bands 
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The MAX782's output is clean, stable and quiet at 1A load currents — only the 
300kHz fundamental and simple harmonics are present. No noise is generated in 
either the audio or 455kHz IF band. 
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With light loads, the MAX782 operates in Idle—-Mode™ and stays well above the 
audio range. Even with only a 50mA load, the MAX782 still operates above 20kHz, 
which is excellent for multi-media PCs. 
Maxim has the most complete family of power controller ICs for 


performance and efficiencies to 96%. The MAX782/MAX783 su 


LTC1148 — Output Noise Spectrum at 1A 
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The LTC1148 changes frequency as the battery or AC adapter voltage changes, 
SO noise is scattered across a broad band of the spectrum — including the 
Sensitive 455kHz IF region. 


LTC1148 — Output Noise Spectrum at 50mA 
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Burst-Mode™ noise dominates the audio range when the LTC1148 operates at 
the same 50mA load. The result is very difficult to filter, and this is a significant 
source of interference in these noise-sensitive systems. 
notebook computers, offering the world's highest 
pport 2 PCMCIA slots and have 3.3V, SV and 15V 


outputs, while the MAX786 has 3.3V and 5V outputs. And for Power PC™ designs, all three parts offer a 3.6V out- 


put option. To speed your design, Maxim offers preassembled, 


tested evaluation kits. 


Idle-Mode™ is a trademark of Maxim Integrated Products. Burst-Mode™ is a trademark of Linear Technology. PowerPC™ is a trademark of IBM. 


LOW-POWER NOTEBOOK Is _») FREE Notebook Design Guide—Sent Within 24 Hours! 
==" Includes: Data Sheets and Cards for Free Samples 


CALL TOLL FREE 1-800-998-8800 


Dual-Output 9.9V and SV For a Design Guide or Free Sample 


Notebook Power Supply Provides 


Up to 50W with >90% Efficiency 
80% to tate arg for Loads from 5mA to Full-Load 


MasterCard® and Visa® are accepted for Evaluat 
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Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale 


ion Kits or small quantity orders. 
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SIEMENS 


For the finest components, 


call toll free 


Siemens Components, | 


Capacitors/RFI 
Ferrites: 


The 


nc., Special Products Division 


800-888-7729 
800-888-7728 


rmistors: 800-888-7728 


Varistors/ 


Surge Protectors: 
Saw Products: 


800-888-7728 
800-888-7728 


Microwave 


Ceramics: 


Swi 


Connectors: 


DUAL ADVANTAGE 
THE MONITORING OF BOTH 
TEMPERATURE & AIR VELOCITY 


Monitor forced air cooling systems 


with the new "Thermulator™." 
This solid state airflow switch 


detects a rise in temperature or a 


decrease in air velocity. 
Completely self-contained, it has 


the unique capability of providing 
two separate, preset logic outputs, 


800-888-7728 


tches/ 
800-888-7728 


SPD-1 


insuring thermal protection for 
sophisticated electronic equipment. 
Plus, a dual output feature can be 
used to provide speed control for 
cooling fans and blowers. 


Other features of the Thermulator 
include: 


= "Fail safe" logic level outputs 
m™ Fan speed control 
m™ Noise reduction 


Also available is the SAF Series 
Airflow Sensing Switch which 
detects and provides a single alarm 
for protection from overheating ina 
wide variety of applications. 


Get the dual advantage from Warren 
G-V, a leading innovator of airflow 
sensing and temperature control. 


For more information, call or write for our free brochures. 


G&S 


WARREN G-V 


One Apollo Drive 
Whippany, New Jersey 07981 
201-386-1200 Fax: 201-386-9331 
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ered systems. The chip has a 382k X8-bit 
organization and comes in a 82-pin 
TSOP or 26-pin SOJ package. The 
device draws 27 mA while operating, 
and dissipation in standby mode is 0.66 
wW. Center V., and Ves pins reduce 
I/O noise. SOJ version, $6.25 (1000). 
Hitachi America Ltd, Brisbane, CA. 
(415) 589-8300. Circle No. 397 


Sound card shrinks to single chip. 
Packing the equivalent of the Creative 
Labs Sound Blaster audio card into a 
single IC, the ES1488 handles 8-bit 
monaural sound. The chip, which oper- 
ates at 3.3V, includes audio-compres- 
sion and music-synthesis circuits. A 
related device, the ES688, offers stereo 
audio without music synthesis for Win- 
dows Sound System applications. Both 
devices cost <$20 (10,000) and are sam- 
pling now. ESS Technology Inc, Fre- 
mont, CA. (510) 226-1088. Circle No. 398 


Efficient controller powers note- 
book computers. The MA X786 power- 
supply controller includes separate step- 
down regulators for 3.8 and 5V. The IC 
also includes separate comparators for 
low-battery backup and two low- 
dropout, micropower linear regulators 
for supplying backup power to CMOS 
RAM and real-time clocks. Efficiency for 
the 3.3 and 5V supplies is as high as 95% 
for 2A loads and greater than 80% for 
loads from 3 mA to 8A. The IC’s input 
range is 5.5 to 30V. The 420-yA quies- 
cent current drops to 70 wA in the stand- 
by mode and to 25 pA in the shutdown 
mode. The 200- or 300-kHz operating 
frequency of the current-mode PWM- 
architecture IC allows it to operate with 
small external components. The device 
comes in a 28-pin SSOP package; prices 
start at $4.15 (1000). Maxim Integrated 
Products, Sunnyvale, CA. (408) 737- 
7600. Circle No. 399 


Dot-clock IC has dual PLLs. The 
IC$2572 dot-clock IC provides a PECL- 
compatible output at 185 MHz. Two on- 
chip PLLs provide a memory output and 
a video differential output. Because it 
can switch frequencies on the fly without 
BIOS calls, the chip is compatible with 
Windows NT and suits high-end video 
applications. It lets you redefine the fre- 
quency selection after power-up, which 
permits the setup of a frequency table on 
initialization. It provides 16 video and 
four memory locations, which are repro- 
grammable via a serial input. $5.50. 
Integrated Circuit Systems Inc, Valley 
Forge, PA. (215) 630-5300. Circle No. 400 


THE FIRST 12-BIT “p-DAC” 
SAVES SPACE & POWER 


What is a p-DAG? 


¢ p-Power @ -Volt Accurate 
Single +5V Operation + YaLSB (max) INL 
160A Supply Current Guaranteed Monotonic 
¢ [-Size ¢ Rail-to-Rail Voltage Output 
Complete 1-Chip Solution é + lai 
3-Pin SO & SSOP ¢ 4-Quadrant Multiplying 
Here’s What It Looks Like! 


MAX531 


THE PAST... 
+5V +15V +15V aconuy 


MAX530 


PAR 


Choose Your -DAC Interface 


FEATURE MAX530 MAX531 MAX538 MAX539 


INTERFACE — PARALLEL SERIAL SERIAL SERIAL 
REFERENCE ~INTOREXT | INTOREXT EXT. EXT 
Vout RANGE ~ 0-5V OR +5V 0-5V OR +5V 0-2.5V 0-5V 
PACKAGE 24 SSOP/SO/DIP 14 SO/DIP 8 SO/DIP 8 SO/DIP 


nomsawes» = | FREE D/A Converter Design Guide—Sent Within 24 Hours! 


a 
ree 


Data Sheets +  Applicati 
Smallest Quad DACs ps 
stn cnae Includes: Data Sheets and Cards for Free Samples 
Vol 
5 


CALL TOLL FREE 1-800-998-8800 ext.6444 


For a Design Guide or Free Sample 
MasterCard® and Visa® are accepted for Evaluation Kits or small quantity orders. 


MAAILAV 


Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX(408) 737-7194. 
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ISO 9001 


ertificate Number: 30337 


VIEWLOGIC 


PRO SERIES 


The world’s most powerful 


-based design tools 
starting from 


$1,995 


PROcapture™ 
EDN Readers Choice Survey rated Viewlogic 
tools as the best schematic entry solution. $1,995 


LJ ™ 
PROsim 


28-state, high-performance timing 
simulation. $4,995 


PROvhdl"/PROsynthesis” 


VHDL, simulation and synthesis for FPGA 
and CPLD design. From $1,995 


IEWlogic 


PROanalog”™ PROdeveloper”/PROchip™ 
Windows-based analog design and SPICE For complete PLD, FPGA and systems design 
simulation. From $2,995 including design entry, verification and place 


and route. From $9,995 


CALL NOW FOR A 


© 1993 Viewlogic Systems, Inc. All trademarks and registered trademarks are the property of their respective owners. 
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ADC/DAC/DSP instrument offers 
high resolution, low noise, high speed 


Sonitech’s DAQ-200 is not your father’s 
ADC. Nevertheless, in some ways, it 
evokes the ADCs of a generation ago. 
Like the high-performance converters of 
that day (yes, they did exist), it mounts 
outside its host computer. While this 
approach is more expensive than build- 
ing a data-acquisition unit on an I/O card, 
the cost isn’t prohibitive, and the benefits 
are great: The much quieter environ- 
ment outside the computer results in 
excellent S/N ratios. And because the 
unit contains its own intelligence—a 33- 
Mflop TMS320C31 DSP (optionally two) 
with up to 4 Mbytes of zero-wait-state 
SRAM—~you can sometimes dispense 
with the host. A dumb device, such as a 
parallel-interfaced handheld terminal, 
can provide the control. 

The DAQ-200 costs $2495. Its 
5.45X1.5212-in. aluminum enclosure 
provides shielding on all sides and hous- 
es two sampling, 18-bit, 200k-sample/ 
sec ADCs that sample simultaneously 
and two 20-bit DACs. The ADCs and 
DACs are spec’d to 16 bits. Optical iso- 
lators couple all digital signals into and 
out of the converters. Panel-mounted 
switches allow easy experimentation 
with the analog-power-supply and 
shield “ground” connections to mini- 
mize noise. The unit includes a 6.4- 
Mbps C30 serial port and a 24-line par- 
allel interface. Power comes from an 


Shielding on all sides, optical isolation of digital signals, and an external linear power sup- 
ply are three features that enable Sonitech’s DAQ-200 to deliver 16-bit THD on two chan- 
nels digitized simultaneously at 200k samples/sec. The unit also contains two high-resolu- 
tion DACs, a 33-Mflops DSP, and up to 4 Mbytes of zero-wait-state SRAM. 


externally mounted low-noise linear 
supply. 

Sonitech measures the THD and noise 
performance of each channel of every 
unit and ships printouts of those mea- 
surements to customers. Unipolar and 
bipolar full-scale ranges are software 
programmable in four steps from 0.1 to 
10V for the ADCs and in three steps 
from 1 to 10V for the DACs. You can plug 
in linear antialiasing filters to limit the 
bandwidth of the analog signals applied 
to the ADCs, and you can bypass these 
filters under software control. 


Although delta-sigma ADCs are 
becoming increasingly popular in 
audio applications, the DAQ-200 uses 
successive-approximation ADCs. 
There are two main reasons why: 
First, you can’t buy 16-bit delta-sigma 
ADCs that make 200k conversions/sec; 
second, in closed-loop-control applica- 
tions, the pipeline delay through delta- 
sigma converters often causes in- 
tractable stability problems. 

—Dan Strassberg 

Sonitech International Inc, Wellesley, 
MA. (617) 235-6824. Circle No. 413 
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Handheld DMMs provide 3% or 
3% digits. The DM-311 through DM- 
335 handheld DMMs are protected to 
600V in the resistance, continuity, 
and diode-check modes. They with- 
stand 1000V between common and 
ground. A mechanical gate disables 
the 10A input jack until the user 
selects the proper range. The units 
emit a pulsed audible warning if the 
test leads do not correspond with the 
function selected. Prices for 3%-digit 
models begin at $49.95; 3%-digit units 
start at $69.95. GoldStar Precision 
Co Ltd, Cerritos, CA. (8310) 404-0101. 

Circle No. 414 


Drivers enable control of micro- 
wave instruments from LabWin- 
dows for DOS. Software drivers for 
the vendor’s 360B vector network 


analyzer, 5400A series and 562 scalar 


network analyzers, 6700B-series 
swept-frequency synthesizers, and 
68100A-series synthesized sweep 
generators work with National 
Instruments’ LabWindows for MS- 
DOS. The drivers provide function- 
panel interfaces that automatically 
generate the correct instrument com- 
mand codes and syntax. These codes 
become part of the C or Basic source 
code of your instrument-control pro- 
gram. $700 to $1795. Wiltron Co, 
Morgan Hill, CA. (408) 778-2000. 
Circle No. 415 


$119 handheld 4%-digit DMM 
resolves 10 ,V, 0.1 wA, and 0.010. 
The 380551, which receives power from 
a 9V battery, offers basic de accuracy 
within 0.05%. A rotary switch selects 
the unit’s ranges and functions. A 
shock-absorbing holster is standard; a 
padded vinyl pouch costs $15. Extech 
Instruments Corp, Waltham, MA. 
(617) 890-7440. Circle No. 416 


In-circuit component tester uses 
64-channel, 25-MHz state ma- 
chine for triggering. The Testmate 
3064’s internal high-speed modeling 
circuit supports more than 600 stan- 
dard IC types. When testing LSI ICs, 
the system compares the unit under 
test against a user-supplied known- 
good device. The tester makes pass-fail 
decisions and provides details about 
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each IC pin, such as signal frequency 
and whether the pin is stuck, toggling, 
or floating. $9995; 28-channel version 
$6995. ZTest Electronics Inc, Buffalo, 
NY. (416) 238-3543. 


Circle No. 417 


Test sets automate SDH and SONET 
field testing. The CTS 710 (for 
SONET) and the CTS 750 (for SDH) 
perform comprehensive monitoring and 
transmission testing. They also offer 
byte manipulation for troubleshooting 
and analysis. The units adapt to chang- 
ing requirements via software upgrades 
that you can install through a built-in 
floppy-disk drive and via signal-inter- 
face plug-ins. The standard plug-in han- 
dles electrical inputs and outputs to 155 
Mbps. An optional interface provides 
electrical and optical inputs and outputs 
to 622 Mbps. Hither test set costs 
$15,900. Tektronix Inc, Beaverton, OR. 
(800) 426-2200. Circle No. 418 


Numeric-solution software runs 
under MS-DOS. Speakeasy for PC- 
DOS performs array and matrix alge- 
bra and statistical analysis; solves lin- 
ear, quadratic, and differential 
equations; and lets you create graphics 
interactively. The underlying routines 
are time-tested; mainframe and work- 
station versions have been available for 
years. The $995 package requires at 
least an 80386 CPU with math co- 
processor, 6 Mbytes of RAM (8 Mbytes 
recommended), and 10 Mbytes of hard- 
disk space. Speakeasy Computing 
Corp, Chicago, IL. (812) 427-2400. 
Circle No. 419 


3.6-GHz vector network analyz- 
ers measure 0.5 msec/point. With 
their 10 markers, the Advantest 
R3762AH and R3765B automatically 
calculate and display such parameters 
as center frequency, bandwidth, dB 
down, Q, and shape factor. The units, 
which detect zero-phase frequencies 
without your having to move a marker 
away from the measurement point, let 
you rapidly determine the frequencies 
at which the phase differs from zero by 
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a programmable amount. By including 
controllers that offer serial, parallel, 
and [HEE-488 ports, the instruments 
obviate the need for host computers. 
From $24,000. Tektronix Inc, Beaver- 
ton, OR. (800) 426-2200. — Circle No. 420 


BSDL translator lets you use Asset 
debugger to view control cells. 
BSM2HSM converts Boundary-Scan 
Description Language files to Hierarchi- 
cal-Scan Description Language (HSDL). 
With the HSDL format, you can use the 
Scan-View feature of Texas Instru- 
ments’ Asset debugger to view control 
cells that otherwise are not observable. 


$295. Intellitech Corp, Meredith, NH. 


(603) 279-6308. Circle No. 421 


Portable instrumentation recorder 
uses standard VHS cassettes. The 
24-channel StorePlus VL records voice, 
digital, and analog data. All analog 
channels have a bandwidth of 100 kHz 
at all times. Their dynamic range is 55 
dB. You can substitute 600-kbps digital 
channels for analog channels in any 
combination. Help displays permit 
quick access to such features as a real- 
time clock/calendar/timer and track 
sequencing for extended recording and 
replay. With eight channels, the 11.5x 
17.5X9-in. system weighs 33 lb and 
costs $16,200. Racal Recorders Inc, 
Irvine, CA. (714) 727-3444. Circle No. 422 


AC-line-dip and interrupt-test 
modules meet IEC 1000-4-11. The 
EP61, EP62, and EP64 test modules 
work with the vendor’s ECAT series of 
pulsed-EMI test systems. Besides test- 
ing for susceptibility to line interrup- 
tions and voltage dips, the modules test 
for overvoltages, or “swells.” The EP61 
tests at 125V/20A and 250V/16A, the 
EP62 tests at 250V/32A, and the EP64 
works with 3-phase equipment at 
250V/32A from each phase to ground. 
From $26,540. KeyTek Instrument 
Corp, Wilmington, MA. (508) 658-0880. 

Circle No. 423 


Synthesized 1-,.Hz to 1.1-MHz sine- 
wave source offers —65-dBc harmonic 
distortion to 20 kHz. The Model 98 
oscillator uses direct digital synthesis. 
You can set its output frequency with 8- 
digit precision and <30-ppm error. The 
generator can synchronize with a 10- 
MHz reference that you supply. With a 
500 load, the 500 output adjusts from 15 
mV to 15V p-p (380 mV to 30V p-p witha 
high-impedance load). A 6000, 30-Hz to 


200-kHz transformer-coupled output 
adjusts from 15 mV to 30V p-p across 
6000. The front-panel display can indi- 
cate the output level in peak, peak-peak, 
or rms volts or dBm. The generator 
offers fully programmable logarithmic 
and linear sweeps. $2795; delivery 6 
weeks, ARO. Wavetek Corp, San Diego, 
CA. (619) 279-2200. Circle No. 424 


<$3000/pin digital-IC test system 
handles 200-MHz data rates. The 
ATS Blazer! system tests complex, high- 
speed devices at high throughput rates. 
You can also configure the system to test 
mixed-signal devices. You can upgrade 
the pin count to 832 pins in 16-channel 
increments. A 125-MHz version costs 
approximately $2500/pin. You can 
upgrade systems in the ATS family to 
Blazer! performance. Integrated Mea- 
surement Systems Inc, Beaverton, OR. 
(503) 626-7117. Circle No. 425 


PC-based cable tester presents 
graphic wiring displays. The 701 
CableEye system includes an annotated 
cable database to which users can add. 
The system displays wiring diagrams 
on screen in color and produces labels 
and wiring diagrams on laser and dot- 
matrix printers. The test fixture, which 
handles additional connector types via 
extender boards, connects to a PC’s 
serial port. Menu-driven software per- 
forms functions that the vendor claims 
are not available on any other system. 
$1495. CAMI Research Inc, Lexington, 
MA. (617) 860-9137. Circle No. 426 


Unit programs and verifies 32 1- 
Mbyte flash cards in 13 sec. The 
CardServer-32X extension of the ven- 
dor’s Proteus-GMC16 memory-card 
tester reads, writes, tests, and exercis- 
es PCMCIA V2.0/JEIDA V4.1 type I, 
II, and III devices, such as modems, fax 
modems, and rotating-memory cards. 
The unit operates in a stand-alone 
mode or on a network. $9950 to $19,950. 
B&C Microsystems Inc, Sunnyvale, 
CA. (408) 730-5511. Circle No. 427 
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For PCMCIA, Why Leave 
the Analog World Outside? 


Design your 10Base-T or Token 
Ring interfaces right into a PCMCIA 
type I or type II package. New, break- 
through analog module designs from 
Pulse Engineering mean the end of 
external cable solutions for network 
magnetic components in PCMCIA 
applications. 


circuits. 


Token Rin Transformers 10Base-T 
g : : 
The new analog LAN modules Complete interface magnetics Tiny surface mount packages Complete magnetics modules 
modules contain filters, isola- under 0.1” high come ina include pre-distortion resis- 
from Pulse provide the performance tion transformers, common- variety of single, dual, and tors, low pass filters, isolation 
of conventional full size magnetic mode chokes and resistor net- triple configurations. For. transformers and common 
des; . t | fil works, all designed to match those who want discrete com- mode chokes for both transmit 
esigns in Compact, 10W prot e, IBM, TI, NSC, and other ponent solutions for PCMCIA and receive channels ina 
surface-mount packages = all less interface chips. Transmit & communications applications. — single 600 x .675 x .094” 
ee receive all in one package package. Designs optimized 
than 0.10" high F 
ail U. ign. only 1.25" x .735" x 098". for AMD, NSC, AT&T, Level 
Best of all, they’re field proven, ; i One, or NCR integrated 


with tens of thousands already shipped 
and in service. 

Check out our entire family of 
PCMCIA network components and 
modules, presently supporting both 
10Base-T and Token Ring over sit 
UTP/STP media. For the whole story, =— = 


call or fax us today. ——— 13 Ul Ise. o- 


Pulse Engineering / 12220 World Trade Drive, San Diego, CA 92128 / Telephone (619) 674-8215 Fax: 619-674-8262 a 
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TEKNOR HAS UNEARTHED 


SOMETHING REALLY POTENT 
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P resenting the all-new 
VIPer800 and VIPer801 PC/AT 
single board computers from 
Teknor. VIPer, an acronym for 
Very Integrated Processor, 
means you get more features 
on our half-size form factor 
than any other single board 
computer - regardless of size. 


You can slide a VIPer into 
virtually any application 
because the VIPers come stan- 
dard with IDE and floppy disk 
controllers. High-performance 
parallel and serial ports. Local 
bus SVGA with improved flat 
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panel support. And a PC/104 
expansion header. 


What’s more, with the 
ViIPers’ complete range of 
system enhancement options, 
your designs can potentially 
take any shape you desire. 


For starters, choose 
between a 33Mhz 386SX or 
486SLC microprocessor. Add a 
meg of bootable Flash* memo- 
ry. 512K of SRAM. Fast SCSI 
IT. And you've got one vicious 
ViPer ready to run in passive 
backplane or embedded stand- 
alone environments. 


CIRCLE NO. 48 


® 386SX or 486SLC PC/AT 


® Local bus SVGA/ 
Flat panel support 


® Fast SCSI II 


® Passive backplane or 
stand-alone operation 


Tempted to discover more 
about the VIPer800 and 
VIPer801? Call Teknor today 
at 1-800-387-4222. Then slip 
a VIPer into your next applica- 
tion, and take a bite out of the 
competition. 


*Compatible with Microsoft's Flash File System II 


TEKNOR 


616 Cure Boivin, Boisbriand, Qc, Canada J7G 2A7 
Tel.: (514) 437-5682 ¢ Fax: (514) 437-8053 


All trademarks are the property of their respective companies. 


Miniature 8W dc/dc converters are 
100% burned in. The 800 series of 8W 
de/de converters is 100% burned in for 72 
hours. The units’ 6-sided metal case mea- 
sures 1X2X0.375 in. They operate over a 
-30 to +71°C range with no derating or 
heat sinking. The series features 5, 12, 
and 15V outputs in single-, double-, and 
triple-output models. The units also have 
input filters and remote on/off control. $58 
to $66.50. Conversion Devices, Brockton, 
MA. (508) 559-0880. Circle No. 401 


Distributed-power 75W converters 
are programmable. The MicroMod 
de/de converters have programmable out- 
put voltages and current limits. The units’ 
6-sided metal cases measure 1.5X1.8X0.5 
in. and handle 75W. Depending on model, 
input voltages range from 5 to 300V, and 
output voltages range from 3.3 to 24V. All 
units feature output trim and remote 
sense. You can parallel these converters 
without interconnecting a control line. 
Efficiency is 80% typ. $50 to $70. Power 
Micro Inc, Chelmsford, MA. (508) 250- 
0400. Circle No. 402 


Off-line switchers accommodate 
88 to 264V-ac inputs. The NFS line 
of off-line switching supplies operates 
from US and European power lines. 
The family comprises 25, 40, 50, 75, 110, 
200, and 350W models. The supplies’ 
manufacturing plant is ISO 9000 regis- 
tered, and the supplies meet UL, CSA, 
VDE, and BABT/BSI safety specs. 
Medical versions meet UL544 and 
IEC601 standards, and others meet 
FCC and VDE Class B line-conducted 
emission limits. $24 to $220. Computer 
Products Inc, South Boston, MA. (617) 
268-1170. Circle No. 403 


Front end configures itself for 120 
or 230V ac. The UNV-300 is an ac/de 
“front end” for 300V-input power sup- 
plies. The device senses the line voltage 
and configures itself for 120 or 230V ac 
operation. The unit handles 700W over 
a -40 to +75°C range without derating. 
Efficiency is 97% at full power. $130. 
Powercube Corp, Billerica, MA. (508) 
667-9500. Circle No. 404 
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Use our postage-paid reader-service 


cards to get more information on 
any of these products. 


Low-cost supplies correct power 
factor. The PGC series of multiple- 
output power supplies meets IEC 555-2 
requirements for power-factor correc- 
tion. The series is available in 300, 500, 
750, and 1000W models featuring three, 
four, or five outputs. The supplies’ out- 
puts are independently regulated, 
requiring no preload. The units mea- 
sure 2.65 in. high. $475. Lambda Elec- 
tronics Inc, Melville, NY. (516) 694- 
4200. Circle No. 405 


Low-cost lab supply has triple out- 
puts. The HP E3630A triple-output de 
power supply’s main output ranges 
from 0 to 6V at 1 to 2.5A max. The 0 to 
-20V outputs provide 0.5A max. Nor- 
mal-mode noise specs are 0.35 mV max, 
and common-mode current is 1 pA 
max. The supply features digital 
meters and a single voltage control for 
both secondary supplies. All outputs 
have overload and short-circuit protec- 
tion. $500. Hewlett-Packard Co, Santa 
Clara, CA. (800) 452-4844, ext 7941. 
Circle No. 406 


Linear supply powers transducers. 
The model CM1.10.400 ruggedized 10V 
linear supply powers 14 3500 transduc- 
ers. The unit features screw terminals 
for field wiring. The supply’s voltage 
accuracy is +1%, and noise and ripple 
measure 1 mV rms. Line and load reg- 
ulation is +1%, and the temperature 
coefficient is 0.01%/°C. $120.75 (1 to 5). 
Calex Mfg Co Inc, Concord, CA. (510) 
687-4411. | Circle No. 407 


DC/DC converters feature choice 
of input ranges. The M and K fami- 
lies of 50 and 150W supplies offer 20 to 
100, 28 to 14, and 44 to 220V de inputs. 
Universal ac inputs are also available. 
The units operate over —25 to +71°C. 
Single and dual outputs up to 48V de 
are standard. Triple-output M models 
are also available. M family: $426; K 
family: $689 (25). Melcher Inc, Chelms- 
ford, MA. (508) 256-1812. Circle No. 408 


Modular 400W supply lets you 
mix and match outputs. The model 
M400 modular, open-frame switching 
supply offers a standard switchable or 
an optional automatic 115/230V ac 


input. The supply carries a main 5V de 
at 50A main output and as many as 
three auxiliary outputs. Auxiliary out- 
puts can be 5 to 12V at 10A, 12 to 24V 
at 5A, or 12/15V at 1A. The unit mea- 
sures 2.5x5xX12.5 in. and is UL, CSA, 
and VDE listed. FCC Class B filtering 
is standard. $0.85/watt. Xentek Inc, 
San Marcos, CA. (619) 471-4001. 

Circle No. 409 


MIL-STD 20W converters baby 
their power transistors. The 
OHD2800S series of single-ended for- 
ward converters handles 20W over the 
military temperature range. Outputs 
are 5, 12, or 15V; inputs range from 16 
to 40V. These fixed-frequency convert- 
ers use a resonant-transformer reset 
circuit, which allows their output tran- 
sistors a maximum 67% duty cycle. You 
can synchronize the units at 425 or 525 
kHz. Efficiency is 81%. The units meet 
NAVMAT P-4855-1A and MIL-STE- 
704D. $325 (100). Omnirel Corp, Leo- 
minster, MA. (508) 534-5776. 

Circle No. 410 


External supplies have universal 
input. This 8-model line of 25W exter- 
nal power supplies feature a universal 
input of 90 to 265V ac. The units have 
outputs of 5, 9, 12, 15, 16, 24; 5 and 12; 
and 5 and +12V. All units are foldback 
and short-circuit protected and are 
approved to UL1950, CSA 22.2 No 223, 
TUV EN60950, and IEC950. $30 
(OEM). Ault Inc, Minneapolis, MN. 
(612) 493-1900. Circle No. 411 


DIP converters output 1W. D-3 
de/de converters output 1.2W (1W for 
the 5V output models). Housed in a 
DIP-type package measuring 0.5xX0.4 
in., the units accept inputs of 5, 12, 15, 
or 24V and output 5, 9, 12, 15, 24, +5, 
+12, or +15V. Output voltage accuracy 
equals +5% and total output ripple and 
noise measures 150 mW p-p max. Oper- 
ating range spans 0 to 70°C. $18.75 and 
$19.75 for single- and dual-output mod- 
els, respectively. Alban Inc, Santa 
Clara, CA. (408) 988-3949. Circle No. 412 
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COMPUTERS & PERIPHERALS 


PCMCIA flash-memory cards provide storage options 


Two new PCMCIA cards from 
Intel give you flash-memory stor- 
age with a choice of system- 
implementation methods. The 
series 2+ PCMCIA flash card 
works with flash-file-system 
(FFS) software; the PCMCIA- 
ATA drive emulates an IDE disk 
drive. The FFS-compatible card 
comes in 4-, 20-, and 40-Mbyte 
versions; the ATA card has capac- 
ities of 5 and 10 Mbytes. 

The FFS card automatically 
configures for 5 or 3.3V opera- 
tion; the ATA card operates on 
OV. Both cards have internal 
voltage converters that provide 
12V for write operations. Ran- 


New PCMCIA flash cards Fron Intel come in two versions. 
Those shown here work with flash-file-system (FFS) soft- 
ware; others emulate an IDE disk drive. 


dom-access reads occur in 150 
nsec (with 5V operation) on the 
F'FS card; seek time on the ATA 
card is <1 msec. Write speeds 
are 850 and 220 kbytes/sec on 
the FFS and ATA cards, respec- 
tively. 

The FFS card provides 64- 
kbyte software-lockable memory 
blocks. The ATA card’s controller 
provides wear leveling, error 
detection and correction, file 
management, and power manage- 
ment. FF'S card, $220 to $1895 
(1000); ATA card, $310 and $475 
(1000).—Gary Legg 

Intel Corp, Santa Clara, CA. 
(800) 879-4683. Circle No. 428 


Tp a oe a rs eo oT ellie caer nee wis. 


PCMCIA system connects to PC 
bus. The PCMCDI, a PCMCIA-inter- 
face system, comprises a half-size PC- 
bus interface module, a 1- or 2-slot card 
drive, and a cable. The drive, which will 
accept Type I, II, or III cards, can be as 
much as 18 in. away from the PC-bus 
backplane electronics. It has the dimen- 
sions of a 3.5-in. floppy-disk drive and 
can mount in a regular drive bay. The 
interface module provides BIOS sup- 
port for autoboot memory cards. 2- 
drive system, $290 (OEM). Computer 
Dynamics, Greer, SC. (803) 877-8700. 

Circle No. 429 


PCMCIA drive installs in PCs. The 
Enable PCMCIA device controllers, 
which allow the use of PCMCIA cards in 
desktop computers, support Intel’s ExCA 
specification and allow hot insertion and 
removal of cards. Each system comprises 
a half-length AT-bus card, a cable, and a 
PCMCIA socket assembly, which mounts 
in a PC’s drive bay. EnableOne, with one 
socket, costs $295; EnableTwo, with two 
sockets, is $350. MSD3, Morgan Hill, CA. 
(408) 778-7267. Circle No. 430 
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FREE INFO, FREE POSTAGE 


Use our postage-paid reader-service 


cards to get more information on 
any of these products. 


PCMCIA card adds RS-232C port. 
The RS-232C adapter is a PCMCIA 
Type II card with an industry-stan- 
dard 9-pin connector for RS-232C oper- 
ation. It operates at rates as high as 
115.2 kbps and comes with floppy disks 
containing diagnostic and configuration 
software. $145 (1000). IBM Microelec- 
tronics, Hopewell Junction, NY. (800) 
426-0181. Circle No. 43] 


Card contains PCMCIA-to-SCSI 
adapter. Visual Media SCSI is a Type 
I PCMCIA card that allows the use of 
SCSI peripherals with portable PCs. It 
comes with software that allows easy 
installation of devices without using 
jumpers. The device lets you daisy- 
chain as many as seven SCSI devices. 
$339. New Media Corp, Irvine, CA. 
(714) 453-0100. Circle No. 432 


Removable disk cartridge stores 270 
Mbytes. The SQ3270 is a 3.5-in., 270- 
Mbyte removable-cartridge disk drive 
that is backward compatible with 
SyQuest’s 105-Mbyte cartridge system. 
The drive has an AT/IDE interface and 
features 13.5-msec access time. Car- 
tridges cost about $80; drive with one car- 
tridge, $465. SyQuest Technology, Fre- 
mont, CA. (510) 226-4000. Circle No. 433 


OOOO, 


Modem has 230.4-kbps through- 
put. The Optima 288 V.FC + Fax 
external modem provides data- 
throughput rates of 28.8 kbps (with 
compression). The modem supports 
V.Fast Class (V.FC), ITU-T (formerly 
CCITT) V.42 bis data compression, 
ITU-T V.42 error control, and Group 3 
fax using V.17. It’s compatible with 
V.382 bis, V.32, and V.22 bis modems. 
$579. Hayes Microcomputer Products 
Inc, Norcross, GA. (404) 840-9200. 
Circle No. 434 


Touch frame fits flat-panel dis- 
plays. The Modular/1LP, a low-profile 
IR touchscreen for flat-panel displays, 
fits 200 x 150-mm displays from Hitachi, 
Panasonic, Sharp, and Toshiba. Pro- 
grammable amplification makes the 
unit impervious to most severe ambi- 
ent-light conditions. The unit is avail- 
able with a PC/104 or an RS-232C con- 
troller. $380. Carroll Touch, Round 
Rock, TX. (512) 244-3500. Circle No. 435 


PCMCIA drive has internal and 
external versions. CardPro 2 adds 
two PCMCIA slots to a PC; it’s avail- 
able both as an external unit and in a 
version for mounting in a computer’s 
3.9-in. drive bay. The slots accept Type 
I, II, and III cards, plus the thicker, 18- 
mm cards that are as yet officially 
unsanctioned by PCMCIA. Interface to 
the drive is via a card that plugs into 
the PC bus. $350. Data I/O Corp, Red- 
mond, WA. (800) 332-8246. Circle No. 436 


-_Integrated | 
nonolithic Base Band IC 
for cordless phones. 


The value-packed AK2353B 
-MOS Base Band IC offers 
high level mixed signal integration 
with wide voltage operation; 
Voice Band Filters, 
2400 bps MSK MODEM, : 
Comparator, 3.58MHz Oscillator, 
Frequency Invertor Scrambler, 
Frame Detection, and more, 
in a 44pin QFP 
or 64pin VOFP. 


VOLTAGE 


RANGE (V) COMMENTS 


FOR GERMANY, 2400 bps MSK MODEM 
2400 bps MSK MODEM 
2400 bps MSK MODEM 


2400 bps MSK MODEM 


Asahi Kasei Microsystems Co.,Ltd. 


AK JAPAN ——TS Bldg. 24-10, Yoyogi 1-chome, Shibuya-ku, Tokyo 151, Japan Phone: (03) 3320-2067 / Fax: (03) 3320-2072 
USA 2055 Gateway Place, Suite 415, San Jose, CA 95110 Phone: (408) 436-8580 / Fax: (408) 436-7591 
EUROPE — Avenue Louise 326, Bte 056, 1050 Brussels, Belgium. Phone: (32) 2-649-3062 / Fax: (32) 2-640-1809 


For more information, contact: 


'U.S.A.) 

» WA, OR, MT (Western); CANADA-BC, Alberta .................. Quest Marketing, Inc.................0++0++.. Phone (206) 228-2660 Fax (206) 228-2916 
» CA (Northern), NV (Northern), ID, UT, CO...............-...+.. Pinnacle Sales 00.00... 0.0525 eee esses s+. Phone (408) 453-7500 Fax (408) 453-7667 
SCM ISIRROIAE soo oo ee RS yell a eR ROI, Boa a OE Saree er Fax (714) 374-0131 
e NV (Southern), AZ, NM, MEXICO-Sonora, Chihuahua... ...... . Fred Board Associates... 02.0.5. 00.0... ». . Phone (602) 994-9388 Fax (602) 994-9477 
e IA, WI, IL, IN Riba, a tke ge SE Reet, ok Righwer BISCWOMIES COMB. 6 Oe 00's dans io aad Oe TT omer eee Fax (708) 968-0197 
e NY (Upstate) SA a NN Bec: ae le oe interactive Component Sales 2h... 5c. 11 PONS Nata) aaemerene Fax (315) 445-8700 
© NY (Southern), CT,.Nd;.PA.DE . 2: 3.2) Bao WTI Be Be eS AOC RON (O14) 19-8738 Pak to ia) eee 
6 MEE AIR oe hoe aie en ie ok aca cpr to Sales, des 3 TR pee (70S) BSS TRO! Fax (703) 635-1933 
TN. NC, SC/GA-AL MS es KO aac © BSquared Marketing. 2. hy sedi sine 4 oe Phone (208) 43052000 Fax (205) 430-3350 
wFi Plens Rice er Re RU SG Micra Gencapts, Ines... sce do 2 POSTER eres Fax (407) 834-0649 
(EUROPE) 

e Austria, Germany, Italy, Spain, Switzerland, Greece ............. Austria Mikro Systeme International AG .......... Phone (43) 3136/500-267 Fax (43) 3136/500-491 
¢ Other European Gountries.. eee ee. AKM Europe ee So Prone432) 2649-3062 8 Fax §G7).25640- 1809 
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DIRECTORY OF 


CAHNERS INTEGRATED MARKETING SERVICES 


Cahners Marketing Services 
give you the competitive edg 


Economics 

Cahners is a leading source of business economics information. analysis, and 
forecasts. Regular “market outlook” reports appear in most Cahners publica- 
tions. More detailed data and forecasts are in a series of industry newsletters. 
Much of the time of Cahners business economists is spent helping marketers 
with their individual sales and marketing planning. 

Call Cahners Economics for the following business 
forecasting and information services. 


Cahners Business Confidence Index 

The Cahners Business Confidence Index is a proven short-term (90 day) 
predictor of the overall direction of the U.S. economy, and of regional 
trends and expectations in key industries and business functions. 


1-800-828-6344 x050 
Early Warning Forecast Services 


Develop more accurate sales forecasts, identify your fastest growing markets, 
and discover new markets, with Cahners’ Early Warning Forecast Services. 
Together or separately, the Early Warning Forecast Seminar, Newsletter, 
Database Diskette, Software, and Charts will help you make more profitable 
marketing, budgeting, and production planning decisions. 


* Early Warning Forecast Newsletter « Early Warning Forecast Seminars 
¢ Early Warning Forecast Software « Early Warning Forecast Database 
¢ Early Warning Forecast Charts * Early Warning Forecast Special Services 


1-800-828-6344 x051 
Electronic & Computer Market Services 


Get exclusive coverage of electronic and computer market indicators 
by subscribing to: 


¢ Electronic Business Forecast Newsletter 
¢ Electronic Business Forecast Database 
* Electronic Purchasing Leadtime Database 


1-800-828-6344 x052 
Building & Construction Market Services 


Get up-to-date information on construction markets and analysis of economic 
changes before they happen by subscribing to: 


' * Building & Construction Market Forecast Newsletter 
* Top U.S. Construction Markets Report 
* Building & Construction Market Database 


1-800-828-6344 x053 
Other Services & Reports 


Now you can develop more profitable marketing, budgeting, and planning 
decisions by subscribing to: 

¢ Consumer Watch 

¢ Publishing Markets 


¢ Buying Strategy Forecast 
* Purchasing Leadtime Database 


¢ Entertainment Industry Outlook 
* Print Market Outlook 
¢ Logistics Database 


1-800-828-6344 x054 


_ Market Research 


~ Cahners Market Research studies are designed and conducted to meet the 
information needs of individual advertisers. These market research studies 
define markets, estimate growth potential, identify product and brand use, 
and buyer needs and attitudes. 


* Manufacturing/High Technology......cccccscccocscsseese 1-800-828-6344 x055 
* Food Service/Building & Construction/Furniture..1-800-828-6344 x056 
_ ¢ Healthcare/Printing & Publishing/Interior Design.1-800-828-6344 x057 
* Childcare/Bridal/Boating 3 1-800-828-6344 x058 


Cahners Integrated Marketing Group 

_ Cahners Integrated Marketing Group provides database development and 
_ maintenance, custom publishing, product and customer research, direct 

| marketing, list rental, telemarketing, and everything else necessary to 
ensure that your marketing meets your strategic objectives. 


- 1-800-828-6344 x059 
Business Research Group 


_ Cahners Business Research Group (BRG) is a market research and consulting 

_ organization that provides proprietary strategic planning information to ven- 

_ dors who require the hard data to validate their product development and 
marketing direction. 


1-800-828-6344 x060 
Cahners Database Marketing Service 


Cahners Database Marketing Service provides an extensive database to mar- 
_ keters trying to reach tightly defined buyers of specific products and services 
_ ona global scale. 


1-800-828-6344 x061 
Cahners National Account Program 


_ Cahners National Account Program provides advertisers with a value-added 
_ program to improve the effectiveness of their advertising investment by 
_ reducing the CPM of their advertising programs in Cahners publications. 


1-800-828-6344 x062 
Cahners Magazine Network 


Cahners Magazine Network gives advertisers access to the largest audience 
of decision makers on a global scale through 43 of the leading specialized 
business publications with a combined readership of 5 million decision 
makers unmatched in specialized business publications. 


1-800-828-6344 x063 


CAHNERS PUBLISHING COMPANY 


A DIVISION OF REED PUBLISHING (USA) INC. 
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__ PRODUCT MAE 


This advertising is for new and current products. 


Please circle Reader Service number 
for additional information from manufacturers. 


Miniature 44 Digit DPM 


The Most Flexible 
EPROM Emulator 
You Can Get Today 


Housed in a 2.2" x 0.9" x 0.6" component-size, fully- 
encapsulated, plastic case, the DMS-40PC/LCD 
comes with a 4% digit LED/LCD display that is offered 
in red, green, yellow, orange and amber. Signal input 
configurations include +2, +20 and +200Vdc. All 
models feature high-impedance differential inputs, 
autozero capability and autopolarity indication using 
highly stable reference circuits. All operate from +5V. 
Low-power models draw 35mA. Decimal point place- 
ment is user selectable and TTL compatible. Optional 
serial BCD output, overrange, display hold, polarity, 
busy pin allow direct interfacing to digital I/O boards 
and/or uP's. Price $67 (@ 100 pcs.) 


Datel, Inc. 
11 Cabot Blvd., Mansfield, MA 02048 USA 
Tel. (508) 339-3000 Fax. (508) 339-6356 


CIRCLE NO. 232 


* Emulates up to eight * Accepts Intel Hex, 
4-Megabit EPROMS through = Motorola S-Record and 
one standard serial port. Binary files. 


* Downloads 2-Megabit — * Software available for IBM 
programs in less than 23 PC and compatibles. 
seconds 


* Base 27256 EPROM 
* Examine and modify System $395.00. Other 


PILOT-U84 Universal Programmer 
individual bytes or blocks. configurations available. The Leader in New FPGA Support 
g ‘ ; ® Altera MAX 7064, 7128 @ Xilinx 1736D,1765D etc 
PP Incredible Technologies, Inc. © Intel FX-740, FX-780; 87C196 KD,KR,JR,MC etc 
Visa, Mastercard and American Express Accepted © Moto 68HC711D3, E9; 68HC705 C8,C9,P9 etc 
® WS] PSD-4XX,-5XX,PAC,SAM ® Atmel 29C040 etc 
Order Now - It’s Easy ® AMD MACH435, 29F040, 16R8-4 ® Lattice pLSI etc 
Call (708)870-7027 Or Fax (708)870-0120 @ All packages to 256-pin: PLCC,PGA,QFP, TQFP,SOIC 
For More information For immediate support, please call 


800-627-2456 FAX: (408) 736-2503 


CIRCLE NO. 230 CIRCLE NO. 231 


Low Cost UNIVERSAL/GANG PROGRAMMERS 
a Ge 
Miniature FLEX-70 


Best Value in the World 


40 pins from $845 POLYIMIDE & FR4 
Controllers Lac piebee rt Bont Tom 
° : TUP-400/ 3(0 PRINTED pitit erenhetens 
Save time. Z §745/9875 


As FLEXible as your needs are: 


@ Supports EPROM, FLASH, PLD, FPGA, GAL, 

MPU, ...in DIP, PLCC, SOP, QFP, PGA ... @ 5 PIECESx 1.34 Ml 5 DAY PRICES ABOVE 
@ Expandable from 40 pins to 256 pins and to @ 10 PIECES x 1.67 Ml ULLISTED 
4 or 8 sockets for gang programming. EXTRAS CAPABILITIES | DISCOUNTS 


Save money. 


Our wide range of 

C-programmable miniature 
controllers are ideal for control ap- 
plications, data acquisition, and test and measure- 
ment. Compact and low in price (the Little PLC™ above is 2”x3" 


ie ~ Hi 2 . . . — 
and $195), these controllers are programmed with our easy-to- zi Ee see he ee : neh its ees . Poltnie Malilayer 2 
use Dynamic C™ development system. Our controllers feature are up. i: ~ hala ane 5% 
cae =P laorithms appro d bv IC W@ Gold Contacts - $50 Hi Carbon Paste 
: pieate rogramming algo pproved Dy ty 
digital 1/0, ADCs and DACs, relays and solenoid drivers, RS232 Manufacturers HW 25% - Below8 Mil Hole —@ Tin nickel burn-in boards ga Cop 
and RS485 serial ports, battery-backed memory and time/date hake - Below 15 Mil Hole - ee 10% 
clock, LCDs, keypads, enclosures and more! Tribal Microsystems Inc. MH SMOBC & LPI- $50 Ml Impedance control boards 2 


44388 S. GRIMMER BLVD., FREMONT,CA 94538 FOR MORE INFORMATION CALL OR FAX 


Tel: (510) 623-8859 Ken Bahl Mf 1108 W. Evelyn Ave., Sunnyvale, CA 94086 
Fax: (510) 623-9925 Phone (408) 735-7137 FAX (408)735-1408 Modem (408) 735-9842 


1724 Picasso Ave. — 
24-Hour AutoFax Davis, CA 95616 i 
916.753.0618. Call 916.757.3737 \S 
from your FAX. 916.753.5141 FAX ‘Oe 


CIRCLE NO. 233 CIRCLE NO. 234 CIRCLE NO. 235 


To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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{WORLD 


ENGINEERING 


HAND HELD TERMINALS 
& COMPUTERS 
Industry Proven Reliability 


* RS-232, RS-422, 
RS-485 

¢ 5 VDC, Extended 
8-24 VDC or Bat- 
tery Powered 

© 4x20 or 8x24, 
16x32 Supertwist 
Liquid 
Crystal Displays 

* Rugged Ergonom- 
ic Housing 

¢ Full Range of 
Models Available 

¢ Off The Shelf or 
Quickly Customized To Suit Your Needs 


> | 
: 


Two Technologies 
419 Sargon Way 
Horsham, PA 19044 
Tel: (215) 441-5305 
Fax: (215) 441-0423 


CIRCLE NO. 236 


RS-232/GPIB-488 SOLUTIONS FOR 
INSTRU 


“ee 


Sem, 
myo Bs 


The Easi-Disk Simplifies Your Data Acquisition 
Transfer, and Retrieval Needs Completely 


¢ I]BM/MS-DOS PC Compatible 

* RS-232, GPIB-488, 8-Bit Parallel, RS-485, RS-422, plus 

* Host or Manual Controls 

¢ Remote Polling 

* 31/2” and 51/4” Floppy Disks or Removable RAM 

¢ Stand-Alone, Rackmount or “Built-In” OEM 

* MOVAC, 220VAC, 6VDC, 12VDC, or Battery Operation 

* Stand-Alone Price is $795, Controller Card Price is $495, in 
Singles with Quantity Discounts 

Also, ADP! offers New “ONE FOR ALL” Portable Opti- 

cal Disk and Tape Drives on DOS, Macintosh, SCO- 

UNIX, OS/2, PICK, Peer to Peer LANs, and Novell 

LANs via Parallel & SCSI ports. 


ANALOG & DiaitaL PERIPHERALS, INC. 


Cee Oe P.O. BOX 499 


| ADP) TROY, OHIO 45373 


PHONE 513/339-2241 
CIRCLE NO. 238 


FAX 513/339-0070 


Schematic Capture 
to Error Free PCB 


EZ-ROUTE Pro - $695 
EZ-ROUTE Std - $249 


EZ-ROUTE provides the most complete 
high performance solution for electronic 
design using personal computers. 


Available for DOS, WINDOWS. 


© 18,000+ Parts Library © Design Rule Checker 
® A thro sg ® 256 board layers 


© Netlist output comparable to: Futurenet, PCAD, EDIF 
® Output to penplotter, Gerber photoplotter & dot-matrix 
printer 


For a FREE Evaluation eall: 
1-800-972-3733 
30 DAY MONEY BACK GUARANTEE 


ONS 2... 


SYSTEMS, INC 
1460 S.W. Srd Se, Suite BS 
(305) 784-0900 ® FAX (305) 784-0904 


Pompano Beach, FL 


CIRCLE NO. 240 


To advertise in Product Mart, call 
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200MSa/s 


Digital Oscilloscope 


- 200 MSa/s Sampling Rate 

- up to 128K Samples/Channel 

- PC-BASED INSTRUMENT 

- 2 Analog Channels (2 ch. Oscilloscope) 

- 8 Digital Channels (8 ch. Logic Analyzer) 
- All 10 channels can be used at same time 
- Simultaneous use of all 10 channels 

* Cross Triggering of Digital and Analog 

- 125 MHz Single Shot Bandwidth 


$1799 DSO-28200 (200MSa/s, 4K/Ch) 
$2285 DSO-28264 (200MSa/s, 128K/Ch) 


400 MHz 
Logic Analyzer 


- up to 128 Channels 
- up to 400 MHz 

- up to 16K Samples/Channel 
- Variable Threshold 

- 8 External Clocks 

- 16 Level Triggering 

- Pattern Generator (Option) 


$1299 - LA32200 (200 MHz, 32 Ch) Pods & Software 

$1899 - LA32400 (400 MHz, 32 Ch) included 
Also Available: 

$799 - LA12100 (100 MHz, 24 Ch, TTL only) 


Universal 
Programmer 


PAL - GAL - MICRO 
EPROM - EEPROM - FLASH 


$475 
Call for full device support list 


Free software updates on BBS 


Call (201) 808-8990 
ha Link Instruments 


369 Passaic Ave, #100, Fairfield, NJ 07004 fax: 808-8786 


CIRCLE NO. 241 


486 Single Board 
«gComputers & 
SS) Rack Mounts 


14 Slot 486DX2-50 4MB 120MB HD .. $2,295 
486SX-25 Single Board Computer ....$ 575 
486DX-33 Single Board Computer ....$ 775 


ORDER DESK 1-800-777-4875 


/, US LOGIC Made In U.S.A. 
\Y’ 7004 Convoy Court, San Diego, CA 92111 
(619) 467-1100 + FAX (619) 467-1011 


The Intel Inside Logo is a registered trademark of Intel Corporation. 
3 year warranty applies to Falcon-Il Single Board Computer. 


CIRCLE NO. 237 


Communicate 


Weekly 
to the 
electronics OEM 
through EDN Magazine 
and Products Editions' 
Product Mart sections. 


CIRCLE NO. 239 


Universal Programmers 
SUPERPRO® $549 


SUPERPRO II $699 


O 


for 
Call now 
limited time 


| < == surerero ao ee 
sous seacsesennnne: §—  SSMELERTIE PC Lee RA AR 


secesoecconey 


ware updates via BBS. The support includes E(E) 
PROM, FLASH, BIPOLAR, PLD, GAL, EPLD, PEEL, 
MICRO, etc. Adapters are available upto 84 pin PLCC, 
PGA, & SOIC package. 

ROM MASTER programs upto 4MB EPROM. $129. 


MELTEK (408) 524-1929 


757 N. Pastoria Avenue (408) 245-7084 FAX 
Sunnyvale, CA 94086 (408) 245-7082 BBS 


CIRCLE NO. 242 


Joanne Dorian, 212/463-6415 


PathFinder 


| Intelligent In-Circuit Emulation | 


Windows Debugger! 
131K Hardware Breakpoints 
Real Time Trace - 4K! 
Trace While Emulating 
Trace Triggers 

256K Overlay RAM 
No Slots Required 
CMOS and NMOS 


| new PathFinder is the only emulator under $7k that 
|| includes real-time trace triggering, to help you debug 


| time-critical code. No other inexpensive emulator gives | : 


_ you the resources needed to debug both software and 


im 
. 


hardware. Only the PathFinder troubleshoots even 
~ROMed code via its extensive hardware breakpoints. 
_ Call today! 


800-433-8812 Or 410-290-7760 


} | *EC version requires additional adapter, call for details 
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aIWIR as : 


Schematic and PCB Software 


With support for expanded and extended memory, 
HiWIRE |I can handle your most demanding schematic 
and PCB designs. The unique HiWIRE!I editor allows 
you to display and edit schematics and PCBs 
simultaneously, using the same commands for each. 
HiWIRE II is $995 and is guaranteed. 


®  Wintek Corporation 
VV WINTEK 1801 South Street 
Lafayette, IN 47904 
Phone: (317) 448-1903 
1-800-742-6809 
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NETWORKING PROTOCOLS 


Add them to your 
System Designs with: 
FUSION Developer's Kit 


V FUSION TCP/IP protocol suite 

V FUSION SNMP agent MIB 2 + Ver.2 

Y Flexible architecture - C source code 

V Used in hundreds of process control, 
embedded systems, and end-user 
designs 

Y Full support, training, consulting and 
porting services 


For More Information Call 


(800) 541-9508 
(805) 484-2128 * Fax (805) 484-3929 
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$4,995 | 


_ Low price no longer means low performance. Softaid’s | 


BD D .cific Softworks] 
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You Don 1 Have 
To Burn Your 
Devak 


Schematic 
Capture 


for 

Windows 
and 

ng Macintosh 


DESIGNWORKS™ 

The universal schematic capture front-end is now avail- 
able for Windows. DesignWorks'™ for Windows has all the 
same workstation functionality as its Macintosh coun- 
terpart, including full hierarchy with unlimited levels, 
automatic gate packaging and comprehensive symbol 
libraries. DesignWorks is built to work with PCB, FPGA, 
ASIC, and SPICE packages from any vendor. Custom 
netlist/report generation, back annotation, EDIF 
schematic support and a custom programming interface 
free your designs from being locked into one layout pack- 
age or one simulator. 


CALL (800) 444-9064 FOR YOUR FREE DEMO! 


CAPILANO COMPUTING 
(604) 522-6200 Fax (604) 522-3972 
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24-Hour 
7-Day 

Technical 

Support 


Expandable 
Logic Analyzer plus 


¥ 50 MHz and 25 MHz state and timing 
Vv 32K sample depth 
¥ Up to 192 channels 
V Easy-to-use, windows-like interface 
vY PC-based desktop and ISA bus versions 
v Digital/analog pattern generator option 


EMULATION TECHNOLOGY, INC. 


800.995.4331 


@ For Our New PC-Based Development Tool Catalog @ 
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Has a Full 
Range of 
High Quality 
Universal & Gang 


(EEPROMs, FLASH, PLD, 
& MICRO CONTROLLER) 


Programmers 


LOGICAL 


DEVICES, INC. di 
TEL: (305) 428-6868 Ig 
FAXG305) 428-181 | elec 


1 800 331-7766 Ext: 103 


_ Ree NS 


PCMCIA THIN DAA | 


PCMCIA HOUSING 


a 


PCMCIA~2 eee 
HOUSING ees Soa 


H1827 PCMCIA Phone Interface 
4.1 mm Thin — Fits Type 2 Card 
Includes Isolation, Hook Control 

VFast, V.32bis, Fax, Audio 
* Low Power * FCC Part 68 Compatible 


Tel: 408-752-5000 
Cenmetek Fax: 408-752-5004 


Cermetek Microelectronics, Inc. 
1308 Borregas Ave. * Sunnyvale, CA 94089 


Supports: 

* Z8/80/180... 

* 8031/51/52... 
: 68HC11... 

: 80C166... 

* 80186EA/B/C 


PC-based Emulators 


Vv Easy-to-use, windows-like interface 
Y Powerful project manager 
¥ 24-hour, 7-day technical support 
Y Wide range of processors supported 
VY Free demos & software updates 
via BBS #408-982-9044 


EMULATION TECHNOLOGY, INC. 


800.995.4381 


@ For Our New PC-Based Development Tool Catalog @ 
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Talk Is Cheap, 
Even Digitally.™ 


MODEL: VP1410 


& 
Combine your 
Product Mart ads in 


EDN Magazine and 


* QuikVoice™ technology 

“Plays up to 10 messages 
stored in externalEPROM 

“10 direct-trigger pins 

*CVSD encoding 

“3 - 6V single supply 

* DIP or surface-mount 


ChipLob 


: x e e 
, | haw cost Products Editions 
¢ Programs PLDs, To order, call: ri 
PROMs, and EPROMs —.800-3-DatalO, Let your product speak for itself! 
and microcontrollers up Ext, 901 for 
to 48 pins (1-800-332-8246) Our es fam i of digital rehesnres Uh IC ave 
*¢ Algorithm updates ae give your product the competitive edge etting them e e 
available setenv haie Also distributed by: talk in real voice. Imagine how much Nore Meal friendly" higher inpact 
bulletin board Promark your product will become! Conventional voice technol- 
Technology West ogy requires high tooling cost and long turn-around time, d 
Special Introductory Price: icgygsgo723345) while QuikVoice technology allows you to create avoice anda 
32-pin version; JDR Microdevices EPROM in just minutes with low-cost in-house equip- 
$895 (1-800-538-5000) ment! Change messages easily or customize messages lower rate I 


for each of your customers! 


48 -pin version: 
"31495 DATAT/O 
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HOT 
FLASH 


Announcing the 
immediate availability 
of 


ELETECH ELECTRONICS, INC. 
16019 Kaplan Ave, Industry, CA 91744 (818) 333-6394 
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PROGRAMMABLE 
KEYBOARD ENCODER 


CIRCLE NO. 253 


,by 

Dipert and Levy! This 
i reference is destined 
» tobe the 
_ bible for years to come. 
It covers components 
and cards, both 
hardware and software, 
including 

Written by the experts! 422 pages, soft cover, $49.95. 
Unconditional 30-day money-back guarantee. Call now! 


Annabooks 


COMM+8 


@ EIGHT RS-232 PORTS WITH ALL MODEM 
CONTROL SIGNALS 

@ SELECTABLE INTERRUPT (2-7 & 10, 11, 12, OR 15) 

@ ON BOARD INTERRUPT STATUS REGISTER 
PROVIDES GREATER THROUGHPUT 

@ MULTIPLE CARDS CAN SHARE THE SAME IRQ 

@ 16550AFN BUFFERED UART OPTIONAL 

@ PAL ADDRESSING OPTION 

@ XENIX / UNIX COMPATIBLE 

@ EXCELLENT TECHNICAL SUPPORT 

@ CALL FOR FREE CATALOG 


The first truly universal keyboard encoder can accom- 
modate any keypad layout with up to 24 lines (up to 
144 keys). Supports PC XT/AT and RS232 interfaces, 
can operate in parallel with standard IBM keyboard. All 
key codes and interface parameters are stored in EEP- 
ROM and can be changed by the user at any time using 
a supplied utility. 2.4°x3.6", $145 qty 1, volume disc. 
avail. 


MasterCard, Visa, 


SEALEVEL SYSTEMS, INC. 
American Express, and VG Controls, Inc. PO BOX 830 , 
619-673-0870 Company POs 34 Jenkins Rd., Hewitt. NJ 07421 SEALEVEL LIBERTY, SC 29657 
619-673-1432 FAX accepted Tel (201) 853-4600 Fax (201) 853-7913 803-843-4343 


CIRCLE NO. 255 
CONTROL Your EMBEDDED SYSTEM 


PCB RUSH SERVICE WITH A FULL-FEATURED ANSI C STANDARD LOGIC 
Proto Manufacturin g HD64180, HD647180X, Z80, AS180, Z180/181/182, ae 7 7? 


Z280, 8085 
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THE BEST FOR LESS! 


FINALLY! DOS based cross-compilers for ANSI and 
K&R C code that can do everything you want them 
to--and for a GREAT PRICE. C & assembler demos are 


24 hour Multi/Rigid 
10 day std delivery 
Design & CAM 
Laser Plotting 


tasks, queues, and boxes with full interrupt support, and 
LPI/DFSM includes source code. 
Mil GF & GI If you’re tired of tools that take more of your time than the USE THE BUS, 


Save, think about a change for the better. Softools Contro 
Cross-C compilers, assemblers, and real-time executive. 


ANSI C Compiler, Assembler, Linker - $699 


Assembler and Linker Only - $279 
32 Function Real-Time Executive - $399 


AND LEAVE THE PROBLEMS TO US! 


We have a complete solution — Metric Series! A full 
line of wirewrap boards, sizes 3Ux160mm thru 
9Ux400mm, six standard pin patterns plus selective 
pinning, 4-layers with our patented EMBEDDED 
decoupling caps, and complete wiring service. All 


PEPPER DE 


Nice People 


Dial (800) PCB-RUSH 
Sun Circuits Incorporated 
5124 Calle del Sol 


Santa Clara, CA 95054 FO: RR gemceiane | (205 20ES 2 nw avail n Loo” vein 
(408)727-7784 fax (408)727-0347 ; se aio ese plug-in interface modules, Mr. Glue, for all boards. 
BBS/Modem (408) 988-3591 FAX/BBS (410)750-2008 714/632-9292, FAx 714/632-9699. 
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PROTOTYPING ADAPTORS 


BEST PRICE FOR PROTOTYPE CIRCUIT BOARDS 


FR-4 - FLEX - POLYIMIDE 


24 HOUR TO 120 HOUR 


TOTAL SQ. IN. AREA 
LAYERS | 16 32° 64 96 120 


. $ 350 
| te 
| alae a $ 440 


=H aS BN 720\$ 850 Ig 980 | $1,040 
Pamacenas Soe Ped | , ve ,, BY THE HUNDREDS $ 880/$1,040 $1,200 | $1,300 
P11 PROGRAMMER ° Quad Flat Pack, PGA, PLCC 


I$ 420 | 
Connects to an IBM PC serial port and provides 


_68HC11_ 
PROGRAMMER 


DISCOUNT 10% 


CAPABITILIES : MATERIALS: EXTRAS: 


the fastest, easiest way to read, modify, program e DIP, ZIP, LCC, and more eee ce Sftex 2 ELECTRICAL TEST 
x bap ane po Oia ponory and cone e Soldertail or wirewrap pins GOLD BODY  eOROIN. |. . GOLD CONNECTOR S50 
x11xx microcontrollers. Prices . + BLIND/BURIED VIAS. + TEFLON + BELOW 8 MIL TRACES & 
® f . % 
from $349.00 for Programmer & host PC S/W. Support all popular wire wrap panel types : MIL TRACES & GAPS jenna 
| + 8 MIL THRU HOLES PLEASE CALL OR FAX : 


e Gold pins and machined sockets for highest quality 
e Quick turnaround customs 


IRONWOOD ELECTRONICS 
P.O, BOX 21151, ST. PAUL, MN 55121 
(612) 431-7025; FAX (612) 432-8616 
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G Set & Match srM 

EPROM 
ang, Se atc , EPROM 
¢ Pp42 - the total solution for Gang/Set 


programming of EPROMs and EEPROMs 


5 8, 16 or 32-bit programming of device sets in 
a single operation (24 to 32 pins) 


——_/ Tel:(802) 525-3458 
TECIS* Fax:(802) 525-3451 


The Engineers Collaborative, Inc. | 
Route 3, Box 8C, Barton, VT 05822 USA 


CIRCLE NO. 260 


MODEM (408) 988-3415 , — ON 
CORPORATION 


TEL. (408) 988-3980 - FAX (408) 988-4534 
3391 KELLER STREET + SANTACLARA + CALIFORNIA 95054 
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Consistency 
is 
key 


yVvVV VN 


to the power of 
EDN Product Mart 


Sd Optional modules for ganging Micros, Masked 
ROM pinout EPROMs, 40-pin DIP/16-bit or 
32-PLCC EPROMSs 


5 A Mbits RAM standard - expandable to 64 M 
5 Serial and parallel ports 


Ad ‘Stand-alone’ or PC operation 


Stag Microsystems, Inc. SG 
Tel: (408) 988-1118 Fax: (408) 988-1232 


e Accepts Binary, Ext. Intel & Motorola formats. 
e Both Host and Target can Read/Write/Verify. 

e Fast up/download from printer port (1Mb/Sec). 
e Fits directily in EPROM socket (Cabs Opt.) 

e Jumperless configuration throug software. 

e Ni-Cd battery backup.Cascadable to 128 bits. 


PROMJet 64K-1M/2M 85ns $245/295 
PROMJet 64K-4M/8M 85ns $495/695 


UiToceTce Tel:(818)549-0386 Fax:9477 
WESTEC Sales 15 DAY amiat nae GUARANTEE. 
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No 


10m 


For those small circuit analog designers who want the technical 
sophistication of PSpice, we now have a low cost solution for you! 


Small-circuit PSpice is now available at an unprecedented price of 


1,495 


The PSpice circuit simulator comes complete with: 
e Analog library of over 7,200 devices. 

¢ Analog Behavioral Modeling. 

¢ Monte Carlo & sensitivity/worst-case analyses. 
ee ¢ Enhanced graphical waveform analyzer. 
eermeeertan © Device characterization. 


3.8166 


Exit Hard copy Peak Trough slDpe Min ak h com a : e Stimulus generation. 


[aes : : : 20 FAIRBANKS © IRVINE, CA 92718 ¢ USA 
MicroSim Corporation (800) 245-3022 © (714) 770-3022 * FAX (714) 455-0554 
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Learn DSP 
and Put your 
Knowledge to 
work 
immediately! 
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t Call Z Domain Technologies, Inc. 


Flace Near You 


Ft. Lauderdale 
Albuquerque 
Washington D.C. 
Chicago, Houston 
San Jose, Long Beach 


SOFTWARE ANALYST. Dsgn/dvlp comp. s/w syst. 
in conjunction with h/w_ prod. dvlpmt for 
interactive audio video applications using series 
of Sun/Solaris systs. Apply principles/techniques 
of comp. sci., engg & math. analysis to analyze 
s/w rqrmts to deter. dsgn feasibility within 
time/cost constraints. Dsgn protocols for efficient 
downloading/cntrl of video servers. 
Formulate/dsgn s/w syst. using sci. analysis/math. 
models to predict/measure outcome/consqnces of 
dsgn. Dvlp codes on Sparc (Sun OS 5.0/Solaris 
2.0) wkstns using C/C++ based on TCP/IP 
socket/TLI interface syst. Consult h/w engrs & 
clients to eval. interface betw. h/w & s/w & 
opera’nl & perf. rqrmts of overall syst. Dvlp 
GUIs using Xview lib. applns / Xwindows pkg 
ported to HPUX/IBM platfms. Dvlp FUSION 
TCP/IP appln pkgs using MS ‘C’ environ. 
Dvlp/direct s/w syst testg procds., prog & doc’n. | 
Dvlp UNIX device drvrs for SCSI disks/Ethernet | 
cards. Rqrd: M.S. in Comp. Sci/Engg or foreign 
eqvint & 3yr exp. in job offered or s/w 
Consultant or s/w Engr. Also rqrd: exp. in dvipg 
| protocols/comm. applns in C/C++ based on 
| TCP/IP sockets/TLI interface syst.; k/o| 
interactive a/v applns on Sparc (Sun OS 
5.0/Solaris 2.0) wkstns; Exp. applying 
Unix/C/C++/X Windows prog., XVIEW, dev. 
drvrs, TCP/IP, X500, OSI protocols in Sun OS, 
Solaris domain. Sal: $48,000/yr FT work. Qual. 
applnts send resume to: Mr. Phil Baril, State of 
Florida, Department of Labor & Employment 
Security, Division of Labor, Employment & 
Training, 3421 Lawton Rd, Orlando, FL 32803, 
refer Job Order #FL09453 14. 


INTERNATIONAL, LTD. 


ENGINEERING MANAGER 
CRYSTAL OSCILLATORS 


B.S.E.E. min., 8 to 15 years experience in R.F. Design 
specializing in crystal oscillators (XO, TCO, VCXO, 
TCVCXO), capable of directing and managing an 
engineering group. Familiar with oscillator applica- 
tions in the communications field and phase noise 
measurement techniques. Challenging opportunity 
for the self-disciplined and self-motivated individual 
in the Midwest's most livable community. 


HYBRIDS INTERNATIONAL, LTD. 
311 N. Lindenwood Dr. Olathe, KS 66062 


r D 
lowA REMIDWEST 
MIDWEST ~~“ OPENINGS 


RF DESIGN ENGINEERS 


MSEE/BSEE, Experience levels to 10+ years. 
RF/Microwave circuit design, HF to 3.0 GHz. 
Areas of interest are: receivers, transmitters, 
power amplifiers, frequency synthesizers, mod- 
ulation/demodulation, spread spectrum, DSP 
implementation of radio functions. Multiple 
openings with several of my Midwest client com- 
panies. 


DON GALLAGHER, MSEE 
Gallagher & Brei Associates 


1145 Linn Ridge Rd., Mount Vernon, IA 52314 
(319) 895-8042 » Fax (319) 895-6455 
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r 3-Day Course 


For information 
on placing your 
advertisement in 
CAREER 
OPPORTUNITIES 


for 


Magazine 


Kim Fogarty 


y Taking This Recruitment 
Account 
will really Executive 


DSP. 


1-800 
603-4860 
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Iwo Special Career Events for Minority Professionals 
Los Angeles, CA 11:30to6:300m Free Career Seminars begin at 10:30am 
Washington, D.C. 19:30 to 6:00om Free Career Seminars begin at 11:00am 
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Proudly Presents... 


AFFIRMATIVE 
ACTION 


MONDAY, JANUARY 14, 1994 


The NAACP Region VII 


(MD, VA & WASHINGTON D.C.) 
AT THE 
M‘LEAN HILTON, TYSONS CORNER FREE ADMISSION 
7920 Jones Branch Drive Lots of Parking at both locations 


McLean, VA 22102 


FOR The Los Angeles NAACP 
MORE INFORMATION AT THE 
CALL 1-800-Job-Show | LA. AIRPORT MARRIOIT HOTEL 
(1-800-562-7469) 


5855 West Century Blvd. 
Los Angeles, CA 90045 


We are not an employment agency. No registration required. All companies are direct, Equal Opportunity 
Baployers.Candidet with EBUSBI Clearances are encouraged to attend. US. Citizenship required for some positions 


Quality design 
and advanced technology. 
Because lives depend 
on It. 


Siemens Pacesetter is a world leader in technological innovation 
for cardiac arrhythmia management devices. Together with our 
parent company, multibillion dollar Siemens, we are bringing these 
life-saving and life-enhancing products to today’s everchanging 
healthcare marketplace. If your vision matches ours, we offer a 
supportive, advancement-oriented environment to the professionals 


who join us as: 


SR. SOFTWARE ENGINEER 
(Software Development Dept.) 
Individual will use creativity and high- 
quality standards to design and imple- 
ment software for implantable/external 
pacemaker applications. Responsibilities 
include developing product and software 
specifications, architecture design, 
detailed design, implementation, unit 
tests and integration tests suite. 5+ years 
experience in all phases of high reliabil- 
ity software development is required. 
BSCS/MSCS and C/C++ background 
preferred. Demonstrated systems devel- 
opment experience using OOP techniques 
in real-time systems desirable. Respond 
to Dept. EDN/SSE. 


SR. SOFTWARE ENGINEER 
(Advanced Platform 
Development Group) 

In the creation of software for our cardiac 
pacing products, the candidate selected 
will be responsible for such aspects as 
requirements definition, design, coding, 
test, debugging and integration. Requires 
a BS/MS degree in CS or equivalent, 
along with 5+ years experience in embed- — 
ded microprocessor and systems-level 
software/design development. Knowledge 
of Assembly and C desired. Respond to 
Dept. EDN/SSE2. 


SR. RESEARCH ENGINEER 


Working with our research team, the selected candidate will 


ELECTRONIC ENGINEER 
This highly skilled individual will build microprocessor-based PC 
boards, debug ICD prototypes and perform high voltage tests. Duties 
include review of IC and hybrid layout, as well as writing test 
procedures. Requires 3+ years experience in electronics engineering, 
with background in an R&D environment and expertise with 
UNIX and CAD tools. BSEE required; MSEE preferred. 
Respond to Dept. EDN/EE. 


SR. ELECTRONIC 
ENGINEER 

Seek a versatile, senior-level individual 
who can take on integrated circuit design, 
design verification, IC layout, test vector 
generation and evaluation of CAD tools. 
BSEE required; MS preferred. 6-8 years 
analog design experience in a VLSI 
environment is essential. Respond to 
Dept. EDN/SEE. 


SR. TOOL DESIGN 
ENGINEER 

Will be responsible for the design and 
development of tooling for various 
processes for mechanical production of 
cardiac pacemakers, providing electrical/ 
structural design of testing fixtures and 
tooling support. Requires BSME or 
equivalent, plus 5-10 years tooling and 
engineering experience. Respond to 
Dept. EDN/STDE. 


ATE ENGINEER 

Our selected candidate will develop and 
design new software/hardware to test new 
products, maintain existing software and 
test equipment, and generate related 
documentation and reports. BSEE or 
equivalent and a minimum of 5 years 
mixed signal test engineering experience 
strongly preferred. Knowledge of C 
program language (with a preference in Assembly) and precision 
analog test methods/circuits a must. Respond to Dept. EDN/ATE. 


acquire/analyze data and design/test algorithms to help improve DESIGN ASSURANCE ENGINEER 


performance of cardiac pacing products. Requires background in 
real-time data acquisition, signal processing, neural networks, Al 
and pattern recognition techniques including cardiac physiology. 
Working knowledge of Assembly language and C needed. Position 
requires 5-10 years related experience. MS or PhD in Bio or Elec- 


trical Engineering is desired. Respond to Dept. EDN/SRE. 


SR. MECHANICAL 
DEVELOPMENT ENGINEER 


Duties include performing electronic/mechanical product, compo- 
nent and material qualifications. Requires 3 years medical device 
industry experience, spreadsheet/word processing abilities and 
excellent written/verbal communication skills. BSEE or Biology 
degree preferred. Respond to Dept. EDN/DAE. 


In addition to our desirable Southern California location, we offer 
competitive compensation, paid relocation and complete benefits, 
including employer-paid pension plan, 401(k) savings, tuition 


The selected candidate will be called on to design and develop new reimbursement, vision care and a choice of medical/dental plans. 


leads, as well as provide test protocols and documentation. Also 


Send resume (NO PHONE CALLS, PLEASE!) to the appropriate 


entails coordinating leads project teams, and designing related tool- department: Sue Mayes, Employment Representative, Siemens 


ing/fixtures. Related BS degree in Engineering required, with 5+ 
years directly related experience. Respond to Dept. EDN/SMDE. 


Siemens Pacesetter 


Pacesetter, Inc., 15900 Valley View Court, P.O. Box 9221, 
Sylmar, CA 91392-9221. AA/EOE. 


Excellence in Cardiac Pacing 
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Just plug in IR’s UltraFast 500V IGBT. And 
you instantly improve the efficiency and cost-per- _— 


amp of your single-ended off-line switch-mode _CoPack 


power supplies. Without redesigning. 


Our IGBTs also come paired with IR super- 
soft recovery diodes in CoPacks for half-bridge 
supplies. All give you the lowest conduction 
losses ever. And fast switching speeds. 
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